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ABSTRACT 


We report on the discovery of a new genus of 
microhylid subfamily Asterophryinae from northern 


and eastern Indochina, containing three new species. 


Vietnamophryne Gen. nov. are secretive miniaturized 
frogs (SVL«21 mm) with a mostly semi-fossorial 
lifestyle. To assess phylogenetic relationships, we 
studied 12S rRNA — 16S rRNA mtDNA fragments 
with a final alignment of 2 591 bp for 53 microhylid 
species. Morphological and osteological characters 
were analyzed using micro-CT scanning and used 
to describe the new genus. Results of phylogenetic 
analyses assigned the new genus into the mainly 
Australasian subfamily Asterophryinae as a sister 
taxon to the genus Siamophryne from southern 
Indochina. The three specimens collected from 
Gia Lai Province in central Vietnam, Cao Bang 
Province in northern Vietnam, and Chiang Rai 
Province in northern Thailand proved to be separate 
species, different both in morphology and genetics 
(genetic divergence 3.1%<P<5.1%). Our work 
provides further evidence for the “out of Indo-Eurasia" 
scenario for Asterophryinae, indicating that the initial 
cladogenesis and differentiation of this group of frogs 
occurred in the Indochina Peninsula. To date, each 
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of the three new species of Vietnamophryne Gen. 
nov. is known only from a single specimen; thus, 
their distribution, life history, and conservation status 
require further study. 


Keywords: Vieinamophryne Gen. nov; Vietnamophryne 
inexpectata sp. nov.; Vietnamophryne orlovi 
sp. nov.; Vietnamophryne occidentalis sp. 
nov. Siamophryne; Gastrophrynoides; mtDNA; 
micro-CT scanning; Vietnam; Thailand; Herpetofauna; 
Amphibia; Biogeography; Taxonomy; Indochina 
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INTRODUCTION 


Frogs of the family Microhylidae form one of the most speciose 
groups of amphibians with pantropical distribution. Currently, 
some 642 species are recognized, inhabiting areas from 
the tropics and subtropics of Africa, Madagascar, Southern 
and Northern America, and South, East, and Southeast 
Asia to the islands of the Australasian archipelago and 
northernmost Australia (Frost, 2018). The basal split within 
Microhylidae is estimated to have occurred ~65 Ma, coinciding 
with the Cretaceous-Paleogene boundary (Feng et al., 2017). 
The family Microhylidae is assumed to be of Gondwanan 
origin and is currently divided in 13 subfamilies, each of 
which are associated with a certain landmass derived from 
the breakup of Gondwana (De Sa et al., 2012; Kurabayashi 
et al., 2011; Peloso et al., 2016). Despite significant progress 
in understanding the evolutionary relationships within the 
family, the level of congruence between morphology-based 
and molecular phylogenetic hypotheses is still low and further 
changes in family- and genus-level taxonomy are required (De 
Sa et al., 2012; Kurabayashi et al., 2011; Matsui et al., 2011; 
Peloso et al., 2016; Pyron & Wiens, 2011; Rivera et al., 2017). 

The subfamily Asterophryinae is the most speciose group 
within Microhylidae, currently consisting of 327 species 
inhabiting the tropical forests of northern Australia, New 
Guinea, and adjacent Australasian islands westwards to 
Sulawesi, southern Philippines, and crossing the Wallace 
line in Bali (Frost, 2018). The original biogeographic 
hypothesis for this subfamily suggested that the common 
ancestor of Asterophryinae dispersed to Australia via an 
Antarctic land bridge (Hill, 2009; Savage, 1973), where 
it diversified and subsequently dispersed to New Guinea 
and adjacent Australasian islands. However, based on 
multilocus phylogenetic analyses, Kurabayashi et al. (2011) 
demonstrated that the enigmatic genus Gastrophrynoides from 
Sundaland (Borneo and Malay Peninsula) belongs to the 
subfamily Asterophryinae as a sister-lineage with respect to 
all Australasian taxa, suggesting that the basal split of the 
subfamily may not have occurred in Gondwana, but instead 
on the Eurasian mainland. Thus, Kurabayashi et al. (2011) 
proposed an “out of Indo-Eurasia" biogeographic scenario for 
Asterophryinae, suggesting that its colonization route was from 
Asia to Australia, and not via Antarctica as suggested earlier. 

In their work, Kurabayashi et al.  (2011:9) predicted, 
that the "biogeographic findings on Gastrophrynoides imply 
the possible occurrence of further microhylid taxa with 
unexpected evolutionary backgrounds and give a basis for 
future paleontological and biogeographic studies of Asian 
anurans". Our more recent work (Suwannapoom et al., 2018) 
reported on the unexpected discovery of Siamophryne — 
a striking troglophilous microhylid frog found in a limestone 
cave in Tenasserim (southern Thailand) — with phylogenetic 
analyses placing it as a sister lineage of Gastrophrynoides, 
further suggesting that mainland Southeast Asia likely served 
as a cradle of initial divergence and radiation of asterophryine 
frogs. 

In 2016 and 2017, during field surveys in northern and eastern 


Indochina, we encountered three specimens of miniaturized 
frogs. Although these frogs were found in different localities 
in central and northern Vietnam and northern Thailand (Figure 
1), all three specimens were superficially very similar to each 
other and found in similar microhabitats — soil or leaf litter under 
large tree logs or among plant roots. They were assigned to 
Microhylidae due to the presence of morphological characters 
diagnostic for the family: namely, lack of mandibular teeth, lack of 
parotoid glands, firmisternal pectoral girdle with non-overlapping 
epicoracoids, well-developed coracoids reaching midline of girdle 
and scapulae, large, cartilaginous sternum, and absence of 
clavicles and omosternum. Further morphological, osteological, 
and molecular analyses demonstrated that each of the three 
specimens represented a new species of a previously unknown 
lineage of frogs, assigned to the subfamily Asterophryinae and 
sister taxon to Síamophryne. We describe this new genus and 
three new species herein. 


MATERIALS AND METHODS 


Sample collection 

Field work was conducted from 23 May to 2 June 2016 in Kon 
Chu Rang Nature Reserve, Gia Lai Province, Tay Nguyen Plateau, 
central Vietnam (N14.506°, E108.542°; elevation 1 000 m a.s.l.); 
from 8 to 17 June 2017 in Phia Oac-Phia Den National Park, 
Cao Bang Province, northern Vietnam (N22.600°, E105.884°; 
elevation 1 200 m a.s.l.) and from 5 to 15 February and 4 to 8 April 
2017 in the environs of Doi Tung Mt., Pong Ngam District, Chaing 
Rai Province, northern Thailand (N20.344°, E99.830°; elevations 
from 900 to 1 050 m a.s.l.). All fieldwork and collection permits 
are listed in the Acknowledgements. Geographic coordinates and 
elevation were obtained using a Garmin GPSMAP 60CSx (USA) 
and recorded in WGS84 datum. In total, three adult specimens 
(all males) were collected from three surveyed localities. The 
specimens were photographed in life and then euthanized using 
20% benzocaine prior to fixation in 96% ethanol and subsequent 
storage in 7096 ethanol. Tissue samples for genetic analysis 
were taken prior to preservation and stored in 9596 ethanol. 
Specimens and tissues were subsequently deposited in the 
herpetological collections of the Zoological Museum of Moscow 
University (ZMMU, Moscow, Russia) and School of Agriculture and 
Natural Resources, University of Phayao (AUP, Phayao, Thailand). 


Laboratory methods 

Total genomic DNA was extracted from ethanol-preserved 
femoral muscle tissue using standard phenol-chloroform- 
proteinase K (final concentration 1 mg/mL) extraction with 
subsequent isopropanol precipitation (as per Hillis et al., 1996 
and Sambrook & Russell, 2001). The isolated DNA was 
visualized using agarose electrophoresis in the presence of 
ethidium bromide. The resulting DNA concentration in 1 uL was 
measured using a NanoDrop 2000 (Thermo Scientific, USA) 
and consequently adjusted to 100 ng DNA/uL. 

We amplified mtDNA fragments, covering partial sequences 
of the 12S rRNA and 16S rRNA mtDNA genes and complete 
sequence of the tRNAV?! mtDNA gene to obtain a 2 591-bp long 
continuous fragment of mtDNA. These mtDNA markers have been 
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used for comprehensive phylogenetic studies on Microhylidae 
frogs (De Sa et al., 2012; Matsui et al., 2011; Peloso et al., 
2016; Pyron & Wiens, 2011; Van Der Meijden et al., 2007; 
and references therein), including molecular taxonomic research 
on the subfamily Asterophryinae (Blackburn et al., 2013; Frost 
et al, 2006; Günther et al., 2010; Kóhler & Günther, 2008; 
Kurabayashi et al., 2011; Oliver et al., 2013; Rittmeyer et al., 
2012; Suwannapoom et al., 2018). PCR was performed in 20 uL 
reactions using 50 ng of genomic DNA, 10 nmol of each primer, 15 
nmol of each dNTP, 50 nmol of additional MgCls, Taq PCR buffer 
(10 mmol/L of Tris-HCl, pH 8.3, 50 mmol/L of KCI, 1.1 mmol/L of 
MgClz and 0.01% gelatin), and 1 U of Taq DNA polymerase. The 
PCR conditions as well as primers used for PCR procedures and 
sequencing followed Suwannapoom et al. (2018). 

The PCR products were loaded onto 1.596 agarose gels in 


Indian 
ocean 
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the presence of ethidium bromide. Visualization was carried 
out using agarose electrophoresis. If distinct bands were 
obtained, products were purified prior to cycle sequencing 
using 2 uL of ExoSaplt (Amersham, UK), diluted at a 1:4 
ratio, per 5 uL of PCR product. The 10 uL sequencing 
reaction included 2 uL of template, 2.5 uL of sequencing buffer, 
0.8 uL of 10 pmol primer, 0.4 uL of BigDye Terminator v3.1 
Sequencing Standard (Applied Biosystems, USA), and 4.2 uL 
of water. The cycle sequencing reaction included 35 cycles 
with the following steps: 10 s at 96 °C, 10 s at 50 °C, and 4 
min at 60 °C. Cycle sequencing products were then purified 
by ethanol precipitation. Sequencing was performed on an 
ABI 3730xl automated sequencer (Applied Biosystems, USA). 
The obtained sequences were deposited in GenBank under 
accession numbers MH004403—MH004406 (Table 1). 


Pacific 
ocean 


e 
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Figure 1 Known distribution of main Asterophryinae lineages and new genus Vietnamophryne Gen. nov. (yellow stars) 


Biogeographic borders: A: Isthmus of Kra line, approximate biogeographic border between Sundaland and Indochina; B-1: Wallace line (after Huxley (1868)); 


B-2: Wallace line (after Mayr, 1944); C: Weber line; D: Lyddeker line. Most Asterophryinae genera inhabit Australasia, east of the Wallace line (red), and Bali; 


Gastrophrynoides is confined to Sundaland (Borneo and Malaysian Peninsula; blue circles); Siamophryne is known from a single locality in Tenasserim, southern 


Thailand (green diamond); Vietnamophryne Gen. nov. occurs in northern and eastern Indochina in Thailand and Vietnam. Localities: 1: Vietnamophryne 


inexpectata sp. nov.: Kon Chu Rang N.R., Gia Lai Province, Vietnam; 2: Vietnamophryne orlovi sp. nov.: Phia Oac-Phia Den N.P., Cao Bang Province, 


Vietnam; 3: Vietnamophryne occidentalis sp. nov.: Doi Tung Mt., Chiang Rai Province, Thailand. 
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Table 1 Specimens and sequences of three new species of Vietnamophryne Gen. nov. from Indochina and outgroup 

representatives of Microhylidae and Rhacophoridae used in molecular analyses 
Group GenBank accession No. Species Specimen ID Reference 
Asterophryinae DQ283195 Aphantophryne pansa ABTC 49605 Frost et al., 2006 
Asterophryinae FR832625; FR832642 Asterophrys (Asterophrys) turpicola ZMB 70537 Günther et al., 2010 
Asterophryinae KM509160 Asterophrys (Metamagnusia) slateri PT-507 Peloso et al., 2016 
Asterophryinae FR832653; FR832636 Asterophrys (Pseudocallulops) eurydactyla ZMB 70534 Günther et al., 2010 
Asterophryinae JN048979; JN049004 Austrochaperina guttata LSUMZ 95008 Rittmeyer et al., 2012 
Asterophryinae KC822485 Austrochaperina sp. BSFS 11377 Blackburn et al., 2013 
Asterophryinae EU100119; EU100235 Barygenys exsul BPBM 20128 Kóhler & Günther, 2008 
Asterophryinae KM509105 Callulops robustus PT-506 Peloso et al., 2016 
Asterophryinae DQ283207 Choerophryne sp. ABTC 47720 Frost et al., 2006 
Asterophryinae DQ283206 Cophixalus sphagnicola ABTC 47881 Frost et al., 2006 
Asterophryinae DQ283208 Copiula sp. AMS R124417 Frost et al., 2006 
Asterophryinae AB634647; AB634705 Gastrophrynoides immaculatus UKMHC 279 Matsui et al., 2011 
Asterophryinae JX119248; JX119392 Hylophorbus rufescens LSUMZ 94943 Oliver et al., 2013 
Asterophryinae JN048989; JN049014 Mantophryne lateralis LSUMZ 92102 Rittmeyer et al., 2012 
Asterophryinae MH004403 Vietnamophryne inexpectata Gen. et sp. nov. ZMMU A-5820 This work 
Asterophryinae MH004404 Vietnamophryne orlovi Gen. et sp. nov. ZMMU A-5821 This work 
Asterophryinae MH004406 Vietnamophryne occidentalis Gen. et sp. nov. ZMMU A-5822 This work 
Asterophryinae MG682553 Siamophryne troglodytes ZMMU NAP-06651 Suwannapoom et al., 2018 
Asterophryinae FR832634; FR832635 Oninia senglaubi ZMB 74608 Günther et al., 2010 
Asterophryinae KC822488 Oreophryne anulata PNMCMNHH 1366 Blackburn et al., 2013 
Asterophryinae DQ283194 Oreophryne brachypus ABTC 50081 Frost et al., 2006 
Asterophryinae AB634651; AB634709 Oreophryne monticola MZBAmp 16265 Matsui et al., 2011 
Asterophryinae KC822489 Oreophryne variabilis TNHC 58922 Blackburn et al., 2013 
Asterophryinae JN048996; JN049021 Paedophryne amauensis BPBM 31882 Rittmeyer et al., 2012 
Asterophryinae JX119386; JX119242 Sphenophryne (Sphenophryne) cornuta LSUMZ 94793 Oliver et al., 2013 
Asterophryinae DQ283209 Sphenophryne (Genyophryne) thomsoni ABTC 49624 Frost et al., 2006 
Asterophryinae DQ283199 Sphenophryne (Liophryne) rhododactyla ABTC 49566 Frost et al., 2006 
Asterophryinae EU100323; EU100207 Sphenophryne (Oxydactyla) crassa BPBM 17061 Kóhler & Günther, 2008 
Asterophryinae FR832655; FR832638 Xenorhina cf. oxycephala ZMB 74628 Günther et al., 2010 
Asterophryinae KM509212 Xenorhina obesa PT-529 Peloso et al., 2016 
Chaperininae AB598318; AB598342 Chaperina fusca BORN 8478 Matsui et al., 2011 
Dyscophinae AB634648; AB634706 Dyscophus guineti KUHE 33150 Matsui et al., 2011 
Dyscophinae AB634649; AB634707 Dyscophus insularis KUHE 35001 Matsui et al., 2011 
Gastrophryninae AB634650; AB634708 Gastrophryne olivacea KUHE 33224 Matsui et al., 2011 
Kalophryninae AB634642; AB634700 Kalophrynus pleurostigma MZBAmp 15295 Matsui et al., 2011 
Kalophryninae AB634645; AB634703 Kalophrynus subterrestris KUHE 53145 Matsui et al., 2011 
Melanobatrachinae KM509159 Melanobatrachus indicus IND-18 Peloso et al., 2016 
Microhylinae AB201182; AB201193 Glyphoglossus molossus KUHE 35182 Matsui et al., 2011 
Microhylinae AB634626; AB634684 Glyphoglossus yunnanensis KUHE 44148 Matsui et al., 2011 
Microhylinae KP682314 Kaloula rugifera - Deng et al., 2016 
Microhylinae AB634634; AB634692 Metaphrynella pollicaris KUZ-21655 Matsui et al., 2011 
Microhylinae AB634600; AB634658 Microhyla annectens - Matsui et al., 2011 
Microhylinae DQ512876 Microhyla fissipes - unpublished 
Microhylinae NC006406 Microhyla heymonsi = Zhang et al., 2005 
Microhylinae AB303950 Microhyla okinavensis - Igawa et al., 2008 
Microhylinae AB634616; AB634674 Microhyla petrigena = Matsui et al., 2011 
Microhylinae NC024547 Microhyla pulchra = Wu et al., 2016 
Microhylinae AB598317; AB598341 Micryletta inornata KUHE 20497 Matsui et al., 2011 
Microhylinae AB634638; AB634696 Micryletta steinegeri KUHE 35937 Matsui et al., 2011 
Microhylinae AB634636; AB634694 Phrynella pulchra UKMHC 820 Matsui et al., 2011 
Microhylinae AB634633; AB634691 Uperodon taprobanicus KUHE 37252 Matsui et al., 2011 
Phrynomerinae AB634652; AB634710 Phrynomantis bifasciatus KUHE 33277 Matsui et al., 2011 
Scaphiophryninae AB634653; AB634711 Scaphiophryne gottlebei KUHE 34977 Matsui et al., 2011 


Rhacophoridae 


—: Not available. 


AB202078 


Rhacophorus schlegelii 


Sano et al., 2005 
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Phylogenetic analyses 
For phylogenetic analysis we used the 12S rRNA and 


16S rRNA Microhylidae dataset of Suwannapoom et al. 


(2018) with the addition of the newly obtained sequences 
of Microhylidae Gen. spp. 
Data on sequences and specimens used in molecular 
analyses are summarized in Table 1. In total, sequences 
of the 12S rRNA and 16S rRNA mtDNA fragments of 53 
microhylid representatives were included in the final analysis: 
including three samples of Microhylidae Gen. spp. from 
central and northern Vietnam and northern Thailand; 27 
samples of the subfamily Asterophryinae (25 specimens of 
Australasian asterophryine genera and two specimens of 
Gastrophrynoides and Siamophryne from Sundaland and 
Tenasserim, respectively); 18 samples of Asian microhylids 
representing all major lineages of the family inhabiting this 
region (including subfamilies Microhylinae, Kalophryninae, 
Melanobatrachinae, and Chaperininae); and five outgroup 
sequences of non-Asian Microhylidae, including subfamilies 
Dyscophinae (Madagascar), Gastrophryninae (North America), 


Phrynomerinae (Africa), and Scaphiophryninae (Madagascar). 


An mtDNA sequence of Rhacophorus schlegelii (Gunther) 
(Rhacophoridae) was used as a non-microhylid outgroup. 

Nucleotide sequences were initially aligned using ClustalX 
1.81 software (Thompson et al., 1997) with default parameters, 
and then optimized manually in BioEdit 7.0.5.2 (Hall, 1999) and 
MEGA 7.0 (Kumar et al., 2016). Mean uncorrected genetic 
distances (P-distances) between sequences were determined 
using MEGA 6.0. MODELTEST v3.06 (Posada & Crandall, 
1998) was applied to estimate the optimal evolutionary models 
to be used for dataset analysis. The best-fitting model was the 
GTR+1+G model of DNA evolution, as suggested by the Akaike 
Information Criterion (AIC). 

Phylogenetic trees were inferred using maximum likelihood 
(ML) and Bayesian inference (Bl). The ML analysis was 
conducted using Treefinder (Jobb et al., 2004). Confidence 
in tree topology was tested by non-parametric bootstrap (BS) 
analysis with 1 000 replicates (Felsenstein, 1985). The Bl 
analysis was conducted using MrBayes 3.1.2 (Huelsenbeck & 
Ronquist, 2001; Ronquist & Huelsenbeck, 2003). Metropolis 
coupled Markov chain Monte Carlo (MCMCMC) analyses were 
run with one cold chain and three heated chains for four 


million generations and were sampled every 1 000 generations. 


Five independent MCMCMC runs were performed and 1 000 
trees were discarded as burn-in. Confidence in tree topology 
was assessed using posterior probability (PP) (Huelsenbeck & 
Ronquist, 2001). We regarded tree nodes with BS values of 
7596 or greater and PP values over 0.95 as sufficiently resolved, 
those with BS values between 75% and 50% (PP between 0.95 
and 0.90) as tendencies, and those with BS values below 5096 
(PP below 0.90) as unresolved (Huelsenbeck & Hillis, 1993). 


Adult morphology 

Sex of adult individuals was determined using gonadal 
dissection. All measurements were taken to the nearest 
0.02 mm and subsequently rounded to a 0.1 mm precision 
from preserved specimens using a digital caliper under a light 
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from Vietnam and Thailand. 


dissecting microscope. Measurements included the following 
40 morphometric characters, as per Poyarkov et al. (2014) 
and Suwannapoom et al. (2018): (1) snout-vent length (SVL; 
length from tip of snout to cloaca); (2) head length (HL; length 
from tip of snout to hind border of jaw angle); (3) snout 
length (SL; length from anterior corner of eye to tip of snout); 
(4) eye length (EL; distance between anterior and posterior 
corners of eye); (5) nostril-eye length (N-EL; distance between 
anterior corner of eye and nostril center); (6) head width (HW; 
maximum width of head at level of mouth angles in ventral 
view); (7) internarial distance (IND; distance between central 
points of nostrils); (8) interorbital distance (IOD; shortest 
distance between medial edges of eyeballs in dorsal view); (9) 
upper eyelid width (UEW; maximum distance between medial 
edge of eyeball and lateral edge of upper eyelid); (10) forelimb 
length (FLL; length of straightened forelimb from limb base 
to tip of third finger); (11) lower arm and hand length (LAL; 
distance between elbow and tip of third finger); (12) hand 
length (HAL; distance between proximal end of outer palmar 
(metacarpal) tubercle and tip of third finger); (18) inner palmar 
tubercle length (IPTL; maximum distance between proximal and 
distal ends of inner palmar tubercle); (14) outer palmar tubercle 
length (OPTL; maximum diameter of outer palmar tubercle); (15) 
hindlimb length (HLL; length of straightened hindlimb from groin 
to tip of fourth toe); (16) tibia length (TL; distance between knee 
and tibiotarsal articulation); (17) foot and tibiotarsus length (FTL; 
length from tibiotarsal joint to end of fourth toe); (18) foot length 
(FL; distance between distal end of tibia and tip of fourth toe); 
(19) inner metatarsal tubercle length (IMTL; maximum length of 
inner metatarsal tubercle); (20) outer metatarsal tubercle length 
(OMTL; maximum length of outer metatarsal tubercle); (21) 
tympanum length, maximum tympanum diameter (TYD); (22) 
tympanum-eye distance (TED); (23—26) finger lengths (1-3FLO, 
4FLI; for outer side (O) of first, inner side (I) of fourth, distance 
between tip and junction of neighboring finger); (27) first finger 
width (1FW), measured at distal phalanx; (28—30) finger disk 
diameters (2-4FDW); (31) first toe length (1TOEL), distance 
between distal end of inner metatarsal tubercle and tip of first toe; 
(32-35) second to fifth toe lengths (outer lengths for toes II-IV, 
inner length for toe V); (36—40) toe disk diameters (1—5TDW). 

The morphological characters for comparison and data on 
states in other Microhylidae representatives were taken from: 
Burton (1986), Chan et al. (2009), Günther & Richards (2016), 
Günther (2009, 2017), Günther et al. (2010, 2012a, 2012b, 2014, 
2016), Kóhler & Günther (2008), Kraus & Allison (2003), Kraus 
(2010, 2011, 2013a, 2013b, 2014, 2016, 2017), Menzies & Tyler 
(1977), Parker (1934), Richards & Iskandar (2000), Richards et 
al. (1992, 1994), Rittmeyer et al. (2012), Suwannapoom et al. 
(2018), Zweifel (1972, 2000), and Zweifel (2003). 


Osteology 

Micro-CT scanning protocols followed Suwannapoom et al. 
(2018). Micro-CT scanning was conducted at the Petroleum 
Geology Department, Faculty of Geology, Lomonosov 
Moscow State University using a SkyScan 1 172 desktop 
scanner (Bruker micro-CT, Kontich, Belgium) equipped with a 
Hamamatsu 10 Mp digital camera. Scanning was performed 


only for ZMMU A-5820. The specimen was mounted on a 
polystyrene baseplate and placed inside a hermetically sealed 
polyethylene vessel. Scans were conducted with a resolution 
of 3.7 um at 100 keV voltages and a current of 100 mA 
with a rotation step of 0.2° in oversize mode in which four 
blocks of sub-scan data were connected vertically to obtain 
a general tomogram. Data processing was performed using 
Skyscan software: NRecon (reconstruction) and CTan/CTVol 
(3D model producing and imaging). Osteological terminology 
followed Scherz et al. (2017), Suwannapoom et al. (2018), 
and Trueb (1968, 1973). Micro-CT does not render cartilage, 
and therefore cartilage structures were omitted from the 
osteological descriptions. 


RESULTS 


Sequence variation 

Final alignment of the studied 12S rRNA and 16S rRNA 
mtDNA fragments consisted of 2 591 sites: 1 059 sites were 
conserved and 1 408 sites were variable, of which 1 082 
were parsimony-informative. The transition-transversion bias 
(R) was to 2.14. Nucleotide frequencies were A=34.21%, 
T=22.89%, C=24.95%, and G=17.95% (data given only for 
Microhylidae ingroup). 


Phylogenetic relationships 


Results of the phylogenetic analyses are shown in Figure 2. 


The BI and MI analyses resulted in essentially similar 
topologies. Though phylogenetic relationships between the 
subfamilies of Microhylidae remained essentially unresolved, 
high resolution was achieved among most major lineages 
of the subfamily Asterophryinae, with major nodes being 
sufficiently resolved (1.0/100; hereafter node support values 
are given for BI PP/ML BS, respectively; Figure 2). However, 
phylogenetic relationships within the Austro-Papuan radiation of 
Asterophryinae were poorly resolved with low or insignificant 
levels of support for major nodes. General topology of 
the phylogenetic relationships of the Microhylidae frogs was 
consistent with results reported in a number of recent studies 
(De Sá et al., 2012; Kurabayashi et al., 2011; Matsui et al., 2011; 
Peloso et al., 2016; Pyron & Wiens, 2011; Rivera et al., 2017; 
Suwannapoom et al., 2018; Van Der Meijden et al., 2007). 

The BI tree (Figure 2) suggested the following genealogical 
relationships among the representatives of Microhylidae: 
monophyly of the subfamilies Dyscophinae, Kalophryninae, 
and Asterophryinae well-supported (1.0/100), monophyly of 
the subfamily Microhylinae not supported, and phylogenetic 
relationships among Microhylidae subfamilies unresolved. 

The subfamily Asterophryinae consisted of the two major 
well-supported (1.0/100) reciprocally monophyletic clades: 

(1) The Asterophryinae 1 or "core" Asterophryinae (Figure 2, 
in red) clade included all presently known Australasian genera 
of the subfamily inhabiting islands east of the Wallace line, 
tropical areas of northern Australia, and Bali (see line B1 in 
Figure 1; range of Asterophryinae 1 marked in red). 

(2) The second clade included three Asterophryinae 
lineages inhabiting areas derived from the Eurasian landmass 


(mainland Southeast Asia and Sundaland) and included 
the genus Gastrophrynoides (Malay Peninsula and Borneo; 
lineage Asterophryinae 4 in Figure 2; range in Figure 1 marked 
in blue), recently discovered genus Siamophryne (Tenasserim 
in southern Thailand; lineage Asterophryinae 3; locality in 
Figure 1 marked in green), and the three newly discovered 
microhylids from central and northern Vietnam and northern 
Thailand (lineage Asterophryinae 2 on Figure 2; localities in 
Figure 1 marked in yellow). 

Phylogenetic relationships among genera within the 
Asterophryinae 1 clade were essentially unresolved (Figure 2). 
Cophixalus was suggested as a sister lineage to Choerophryne 
with moderate support (0.92/72). Monophyly of the clade that 
included Sphenophryne, Liophryne, and Oxydactyla genera 
was strongly supported (1.0/96), thus supporting synonymy 
of the two latter genera with Sphenophryne, as suggested 
by Rivera et al. (2017). However, Sphenophryne thomsoni 
(Boulenger), previously assigned to the genus Genyophryne, 
was placed with significant node support (0.97/71) as a 
sister lineage to the clade that included Cophixalus and 
Choerophryne and was distantly related to the clade that 
included the remaining Sphenophryne s. lato taxa. Our 
data provided only weak support for monophyly of the genus 
Oreophryne (0.55/80). Callulops was identified as a sister 
lineage to Mantophryne and Hylophorbus (0.96/63). The 
monophyly of the clade that included Asterophrys, Oninia, 
and the formerly recognized genera Metamagnusia and 
Pseudocallulops, was strongly supported (1.0/95). The 
monophyly of the genus Xenorhina also showed high support 
(1.0/94). 

Phylogenetic relationships among Asterophryinae clades 
2-4 were well-resolved (Figure 2). Monophyly of the lineage 
Asterophryinae 2, joining three small microhylids from northern 
and eastern Indochina, was strongly supported (1.0/100); 
among them, the two Vietnamese samples from Cao Bang and 
Gia Lai provinces formed a strongly supported monophyletic 
group (1.0/95). The genus Siamophryne from Tenasserim 
(southern Thailand) was reconstructed as a sister lineage 
with respect to Asterophryinae 2 (1.0/100). The genus 
Gastrophrynoides from Sundaland was suggested as a 
sister-clade with respect to Indochinese lineages Siamophryne 
* Asterophryinae 2 with strong node support (1.0/100). 

Our phylogenetic analyses indicated that the three newly 
discovered Microhylidae Gen. sp. from northern and eastern 
Indochina formed a monophyletic group, belonging to the 
mainly Australasian subfamily Asterophryinae s. /ato, within 
which they were placed as a sister lineage to the genus 
Siamophryne (the only other asterophryine genus known from 
Indochina) with high levels of node support. 


Genetic distances 


16S rRNA is a widely known molecular marker applied for 
biodiversity studies in amphibians (Vences et al., 2005a, 2005b; 
Vieites et al., 2009). The uncorrected genetic P-distances 
among and within the 12S rRNA — 16S rRNA gene fragments 
ofthe studied Asterophryinae genera are shown in Table 2. 
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Figure 2 Bayesian inference dendrogram of Asterophryinae derived from analysis of 2 591-bp long 12S rRNA — 16S rRNA mtDNA 


gene fragments 


Voucher specimen IDs and GenBank accession numbers are given in Table 1. Sequence of Rhacophorus schlegelii was used as an outgroup. Numbers near branches 


represent posterior probability (PP) or bootstrap support values (BS, 1 000 replicates) for BI/ML inferences, respectively. Photos by N. A. Poyarkov and Y. Lee. 


The genetic differentiation between the newly discovered 
Microhylidae Gen. sp. from northern and eastern Indochina 
and other Asterophryinae genera varied from 12.696 (between 
Microhylidae Gen. sp. from Cao Bang Province (Vietnam) 
and genus Metamagnusia) to 21.4% of substitutions (between 
Microhylidae Gen. sp. from Gia Lai Province (Vietnam) and 
genus Callulops). Genetic distances between Microhylidae 
Gen. sp. and its sister lineage Siamophryne varied from 
12.6% to 15.1% of substitutions. These genetic divergences 
were high and corresponded well to genus level differentiation 
within Asterophryinae (Table 2). Genetic divergence between 
the three specimens of Microhylidae Gen. sp. was moderate 
and varied from 3.196 (between samples from Gia Lai Province 
of Vietnam and Chiang Rai Province of Thailand) to 5.196 
(between Gia Lai and Cao Bang samples) of substitutions, 
slightly higher than the conventional threshold of species-level 
divergence in other groups of Anura (3.096 of divergence in 
the 16S rRNA gene according to Vences et al., 2005a, 2005b; 
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Vieites et al., 2009). 


Taxonomy 

Based on our phylogenetic analyses, the newly discovered 
miniaturized microhylid frogs from northern and eastern 
Indochina formed a monophyletic group, clearly distinct from 
all other members of Microhylidae for which comparable 
genetic data were available. This group was placed in 
the radiation of the subfamily Asterophryinae with strong 
support. Though the 12S rRNA — 16S rRNA mtDNA fragment 
sequences did not achieve full phylogenetic resolution for all 
lineages of the subfamily Asterophryinae, the phylogenetic 
relationships within our focal group, Asterophryinae lineages 
2-4, were well-resolved. Our data strongly suggest that the 
three main lineages of Asterophryinae inhabiting Indochina 
and Sundaland were monophyletic, whereas the miniaturized 
Microhylidae Gen. sp. from northern Indochina were 
suggested as the sister-lineage of the genus Siamophryne from 
southern Indochina. 


Table 2 Uncorrected P-distances (percentages) between 12S rRNA - 16S rRNA sequences of Vietnamophryne Gen. nov. and other Asterophryinae genera included in phylogenetic 
analyses (below diagonal line) and standard error estimates (above diagonal line) 








Taxon 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
1  Vietnamophryne inexpectata Gen. et sp. nov. — 1.1 1.4 19 23 25 2.0 17 20 22 22 24 24 22 2.1 2.1 2.1 2.1 2.3 17 22 1.9 19 23 1.9 
2  Vietnamophryne orlovi Gen. et sp. nov. 5.1 — 10 19 23 26 241 19 22 22 26 27 23 24 23 24 2.1 2.1 25 18 23 24 24 23 24 
3  Vietnamophryne occidentalis Gen. et sp. nov. — 3.1 4.7 — 19 22 22 1.8 1.7 19 22 22 25 19 24 2.1 20 20 20 22 15- 2:227 2:0 18 22 1.9 
4  Siamophryne 151 126 148 — 24 23 22 17 22 22 23 23 24 24 22 21 23 24 2.1 19 22 19 23 23 241 
5  Gastrophrynoides 175 165 168 172 — 24 24 19 23 26 25 28 24 24 24 22 25 24 24 20 24 20 20 24 23 
6  Aphantophryne 196 20.9 19.9 175 179 — 20 16 25 22 22 24 24 22 24 20 24 20 22 18 24 20 21 2.1 2.0 
7  Asterophrys s.str. 16.8 15.4 15.5 17.9 165 158 — 1.4 19 18 20 22 19 22 20 17 24 13 18 14 19 19 17 20 18 
8  Austrochaperina 17.7 17.7 17.9 17.9 17.0 158 129 12.7 1.7 17 17 #18 16 19 16 15 16 15 17 12 15 1.4 13 18 415 
9 Barygenys 176 17.4 17.2 19.7 18.3 19.7 124 145 — 24 2.1 23 22 20 22 18 20 241 2.1 18 241 21 20 19 22 
10 Callulops 21.4 19.8 21.4 20.0 17.6 16.6 128 155 163 — 20 23 20 23 16 20 17 20 22 17 19 241 18 18 20 
11  Choerophryne 20.0 20.9 20.7 248 224 19.3 19.3 17.9 20.1 197  — 22 23 24 22 22 22 22 23 17 22 22 20 22 22 
12 Cophixalus 19.0 19.0 20.0 20.7 21.0 17.9 16.2 16.9 16.3 17.0 204  — 21 23 25 24 27 24 25 18 22 23 23 22 23 
13 Copiula 16.7 16.4 164 17.4 181 153 146 141 17.5 17.5 189 175 — 24 20 20 24 17 20 16 22 20 17 22 1.9 
14 Genyophryne 16.6 15.0 16.2 17.9 17.9 162 159 166 15.2 19.7 18.0 173 175 — 24 19 24 22 22 18 23 21 20 22 24 
15  Hylophorbus 17.2 15.4 17.2 18.2 186 17.2 144 14.9 190 134 17.2 19.0 146 186 — 24 16 20 22 16 20 241 19 22 1.8 
16 Liophryne 17.2 16.9 16.5 15.8 15.8 14.8 12.0 144 138 124 186 15.2 13.2 162 137 — 24 17 20 14 18 19 20 16 18 
17 Mantophryne 16.2 138 16.2 19.0 17.9 17.2 15.2 133 166 13.1 18.3 17.6 154 163 90 138 — 241 23 18 22 22 20 20 22 
18 Metamagnusia 151 138 141 175 158 155 58 124 148 145 183 152 125 152 144 124 128 — 19 14 20 18 16 18 18 
19 Oninia 19.0 17.8 17.6 17.6 18.3 17.6 17.2 17.9 18.3 20.4 21.1 21.8 179 19.7 17.2 155 180 159 — 17 49. 21 21 2.1 1.9 
20 Oreophryne 17.9 18.7 17.6 19.8 18.4 16.9 138 15.3 16.8 17.6 19.6 17.7 15.7 184 17.3 141 17.7 135 188 1531 15 15 14 #16 17 
21 Oxydactyla 17.5 17.7 175 196 14.8 18.9 124 131 15.5 134 19.0 13.8 17.1 18.3 148 10.7 141 124 17.6 156 — 20 18 19 41.9 
22  Paedophryne 186 18.6 18.6 19.3 16.9 17.6 148 15.2 176 18.3 21.8 18.3 18.2 17.3 19.0 15.5 17.3 12.8 204 16.7 148 — 20 424 2.0 
23  Pseudocallulops 17.2 15.7 17.2 19.2 17.5 15.8 12.0 134 17.2 141 15.9 17.2 142 148 13.7 15.1 13.1 10.7 18.3 15.7 148 159 — 19 1.8 
24  Sphenophryne s.str. 186 17.3 175 18.2 17.9 16.2 124 144 15.2 138 18.3 16.2 146 15.9 15.1 96 128 11.3 16.9 153 134 159 165 — 2.0 
25 Xenorhina 17.55 17.3 17.7 186 18.2 156 141 142 166 145 19.7 175 163 18.7 16.7 15.1 165 13.2 19.6 17.0 166 17.9 13.8 16.2 14.0 





Mean uncorrected intrageneric P-distances for the ingroup are shown in the diagonal in bold. 
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Subsequent analyses of osteology and external morphology 
(see below) strongly suggest that the recently discovered 
miniaturized Microhylidae Gen. sp. from northern and eastern 
Indochina represent a new previously undescribed genus with 
three new species, which we describe herein: 


Amphibia Linnaeus, 1758 

Anura Fischer von Waldheim, 1813 
Microhylidae Gunther, 1858 
Asterophryinae Günther, 1858 
Vietnamophryne Gen. nov. 


Diagnosis: Small-sized (14.2 mm«SVL«20.5 mm) member 
of the mainly Australasian subfamily Asterophryinae (family 
Microhylidae), with the following combination of morphological 
attributes: (1) both maxillae and dentaries eleutherognathine, 
no maxillary teeth; (2) vertebral column procoelous with eight 
presacral vertebrae lacking neural crests; (3) no cranial sagittal 
crest; (4) frontoparietals connected by long non-calcified 
suture; (5) nasals wide, calcified, not contacting medially; (6) 
vomeropalatines and neopalatine not expanded, not calcified 
(possibly, cartilaginous), vomerine spikes absent; (7) cultriform 
process of parasphenoid broad and short, abruptly obtuse 
anteriorly; (8) clavicles absent; (9) omosternum absent; 
(10) sternum small, non-calcified, completely cartilaginous, 
xiphisternum flat, rounded; (11) distinct dorsal crest present 
on urostyle at three-quarters of its length, absent on ilium; 
(12) terminal phalanges small, bobbin-shaped; (13) no disks 
on digits, digit tips rounded; (14) first finger reduced to nub or 
shortened, all phalanges present and ossified; (15) subarticular 
tubercles absent; (16) toe webbing absent; (17) tympanum 
distinct; (18) single transverse smooth palatal fold; (19) pupil 
round; (20) snout rounded, subequal to or shorter than eye 
length; (21) skin on dorsum warty to shagreened; and (22) 
semi-fossorial (mostly subterranean) lifestyle. 


Type species: Vietnamophryne inexpectata sp. nov. 


Other included species: Vietnamophryne orlovi sp. nov.; 
Vietnamophryne occidentalis sp. nov. 


Distribution: To date, Vietnamophryne Gen. nov. is known 
only from three localities in northern and eastern Indochina: 
two localities in Vietnam (Gia Lai Province, Tay Nguyen 
Plateau of the central Annamite (Truong Son) Mountains and 
mountainous area in Cao Bang Province, northern Vietnam) 
and one locality in northern Thailand (limestone mountainous 
area in northern Chiang Rai Province) (Figure 1). This 
distribution pattern, joining the north-eastern part of Vietnam 
(Dong Bac), central Annamites (Tay Nguyen), and northern 
Thailand, suggests that members of the new genus may be 
found in other areas of northern and eastern Indochina, and 
its occurrence in adjacent regions of Laos and central-northern 
Vietnam is strongly anticipated. 


Comparisons with other Asterophryinae genera: Information 
on character states for other Asterophryinae genera is 
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based on Parker (1934), Zweifel (1972, 2000), Menzies & 
Tyler (1977), Burton (1986), Zweifel (2003), Günther et al. 
(2010), Kraus (2010, 2017), Suwannapoom et al. (2018), 
and references therein. Vietnamophryne Gen. nov. can be 
distinguished from Asterophrys (including recently synonymized 
Pseudocallulops and Metamagnusia; Rivera et al, 2017), 
Callulops, Mantophryne, Oninia, and Xenorhina (including 
recently synonymized Xenobatrachus Peters & Doria) by 
eleutherognathine maxillae and dentaries (vs. symphignathine 
maxillae and dentaries in all these Asterophryinae genera), 
and from Barygenys (vs. | symphignathine dentaries and 
eleutherognathine maxillae). Vietnamophryne Gen. nov. can 
be differentiated from genera Aphantophryne and Cophixalus 
by lack of distinct neural crests on presacral vertebrae 
(vs. well-developed neural crests on presacral vertebrae). 
Vietnamophryne Gen. nov. can be further distinguished from 
Aphantophryne by its eight presacral vertebrae (vs. seven). 
Vietnamophryne Gen. nov. can be distinguished from members 
of the genus Sphenophryne s. lato (including Liophryne and 
Oxydactyla) and Austrochaperina by absence of clavicles (vs. 
well-developed long and slender clavicles). Vietnamophryne Gen. 
nov. can be further distinguished from Sphenophryne s. lato 
by its lack of vomeropalatines (vs. broad vomeropalatines 
contacting each other medially, with post-choanal portion 
overlying palatine region). Vietnamophryne Gen. nov. can 
be diagnosed from Sphenophryne s. stricto (S. cornuta 
Peters & Doria) by smooth upper eyelid and semi-fossorial 
lifestyle (vs. spine-like projection on upper eyelid and arboreal 
lifestyle in S. cornuta). Vietnamophryne Gen. nov. can be 
further distinguished from the genus Liophryne (considered 
as a synonym of Sphenophryne by Rivera et al., 2017) by 
absence of finger disks (vs. small finger disks present). 
Vietnamophryne Gen. nov. can be further diagnosed from 
the genus Oxydactyla (coined as a synonym of Sphenophryne 
by Rivera et al., 2017) by F1 small or greatly reduced to 
nub (1FL<1!/22FL) (vs. F1 well-developed, 1FL>1/22FL). 
Vietnamophryne Gen. nov. can be distinguished from the 
genus Genyophryne (coined as a synonym of Sphenophryne 
by Rivera et al., 2017) by absence of clavicles (vs. small 
clavicles present), lack of vomeropalatines and vomerine spikes 
(vs. expanded vomeropalatines with vomerine spikes), and F1 
very small or reduced to nub, 1FL«1/22FL (vs. F1 well-developed, 
1FL>1/22FL). Vietnamophryne Gen. nov. can be further 
distinguished from Austrochaperina by lack of vomeropalatines 
(vs. vomeropalatines expanded). Vietnamophryne Gen. nov. 
differs from the genus Paedophryne by having all digit phalanges 
ossified (vs. cartilaginous phalanges in first digit), and eight 
presacral vertebrae (vs. seven). Vietnamophryne Gen. nov. 
can be diagnosed from the genus Choerophryne by lack of 
vomeropalatines (vs. palatine portions of vomeropalatines fused 
with broad sphenethmoids). Vietnamophryne Gen. nov. can 
be distinguished from the genus Copiula by lack of disks on 
fingers, but tiny disks on toes (vs. well-developed disks on fingers 
and toes) and absence of conspicuous rostral dermal gland (vs. 
rostral gland present). Semi-fossorial Vietnamophryne Gen. nov. 
can be easily distinguished from the mostly arboreal or terrestrial 


genus Oreophryne by its lack of toe webbing (vs. distinct toe 
webbing) and absence of vomeropalatines (vs. vomeropalatines 
expanded). Vietnamophryne Gen. nov. can be distinguished 


from Hylophorbus by comparatively better developed nasals (vs. 


poorly developed nasals), comparatively broad cultriform process 
of parasphenoid (vs. narrow cultriform process of parasphenoid), 
and F1 very small or reduced to nub, 1FL<1/22FL (vs. F1 
well-developed, 1FL>1/22FL). 

Among the Asterophryinae lineages inhabiting areas derived 


from the Eurasian landmass, Vietnamophryne Gen. nov. 


can be easily distinguished from the genus Gastrophrynoides 
(Malay Peninsula and Borneo) by snout rounded, length equal 
to or slightly more than eye length (vs. snout pointed, 2.5 times 
longer than eye; Figure 2), distinct tympanum (vs. tympanum 
obscured by skin; Figure 2), F1 very small or reduced to nub, 
1FL«1/22FL (vs. F1 well-developed, 1FL>1/22FL), generally 
smaller body size, SVL<20.5 mm (vs. SVL>20.0 mm), distinct 
crest on urostyle (vs. no crest on urostyle), bobbin-shaped 
terminal phalanges (vs. T-shaped terminal phalanges), single 
smooth palatal fold (vs. two palatal folds), comparatively 
broad cultriform process of parasphenoid (vs. narrow cultriform 


process of parasphenoid), and shagreened to warty skin (vs. 


completely smooth skin). 

Vietnamophryne Gen. nov. can be easily distinguished 
from its sister genus Siamophryne (Tenasserim, south-western 
Thailand) by absence of finger disks (vs. large and wide finger 
disks; Figure 2), stout body habitus and generally smaller body 
size, SVL<20.5 mm (vs. slender body habitus, SVL>20.0 
mm), F1 very small or reduced to nub, 1FL«1/22FL (vs. F1 


well-developed, 1FL>1/22FL), distinct crest on urostyle (vs. 


weak crest on urostyle), lack of clavicles (vs. small clavicles 
present), sternum fully cartilaginous (vs. anterior portion of 
sternum containing calcified cartilage), bobbin-shaped terminal 
phalanges (vs. large T-shaped terminal phalanges), single 
smooth palatal fold (vs. two palatal folds), comparatively 
broad cultriform process of parasphenoid (vs. narrow cultriform 
process of parasphenoid narrow), lack of vomeropalatines 


(vs. reduced but present), and shagreened to warty skin (vs. 


completely smooth skin). 

Finally, the 12S-16S rRNA mtDNA fragment sequences for 
the new genus were markedly distinct from all sequences for 
Asterophryinae members for which homologous sequences 
were available (Figure 2, Table 2). 


Comparisons with other Microhylidae genera inhabiting 
mainland Southeast Asia: From other genera of Microhylidae 
inhabiting mainland Southeast Asia, all members of the genus 
Vietnamophryne Gen. nov. can be distinguished by a 
combination of the following characters: small body size (SVL<21.0 


mm); stout body habitus; externally distinct tympanum (vs. 


hidden tympanum in Glyphoglossus, Microhyla, Micryletta, Kaloula, 
Phrynella, Metaphrynella, and Gastrophrynoides); absence of 
subarticular tubercles (vs. subarticular tubercles of fingers greatly 
enlarged in Phrynella and Metaphrynella), absence of toe webbing 
or fringing on digits (vs. webbing or digit fringes present in Microhyla, 


Phrynella, and Metaphrynella); absence of tibiotarsal projection (vs. 


bony tibiotarsal projection present in Chaperina); lack of bony ridge 


along posterior border of each choana (vs. present in Kaloula); short 
rounded or obtuse snout (vs. long pointed snout 2.6-3.0 times eye 
diameter in Gastrophrynoides); and absence of disks on digits (vs. 
long limbs with digits bearing large disks, with those on fingers up 
to 2.5 times wider than penultimate phalanges in Siamophryne). 


Etymology: The generic nomen Vietnamophryne is derived 
from "Vietnam", the name of the country where the 
representatives of this genus were first recorded and where two 
of the three known species of the genus occur; and Greek noun 
“phryne” (ppúvn; feminine gender), meaning "toad" in English; 
this root is often used in generic names in Asterophryinae frogs. 
Gender of the new genus is feminine. 


Suggested common names: We suggest the name 
"Indochinese Dwarf Frogs" as a common name of the new 
genus in English, “Nhai Lun” as a common name of the new 
genus in Vietnamese, and “Eung Tham Khaera" as a common 
name of the new genus in Thai. 


Vietnamophryne inexpectata sp. nov. 
Figure 3, Figure 4, Figure 5A, Figure 6; Table 3. 


Holotype: ZMMU A-5820, adult male in good state of 
preservation, from a primary montane tropical forest in Kon Chu 
Rang Nature Reserve, Gia Lai Province, Tay Nguyen Plateau, 
central Vietnam (N14.506°, E108.542°; elevation 1 000 m 
a.s.l.); collected on 31 May 2016 by Nikolay A. Poyarkov 
at 2100 h from soil under a large ca. 2-m long rotten log 
approximately 7 m from a small cascading stream (Figure 7). 


Diagnosis: Assigned to the genus Vietnamophryne Gen. 
nov. based on morphological characteristics and phylogenetic 
position (see Diagnosis of the new genus and Results). From 
other congeners Vietnamophryne inexpectata sp. nov. can 
be distinguished by the following combination of morphological 
characters: (1) miniaturized body size, SVL of single male 
14.2 mm; (2) body habitus stout, FLL/SVL and HLL/SVL 
ratios 51.8% and 151.8%, respectively; (3) head as long as 
wide, HW/HL ratio 101.196; (4) snout short, obtuse in dorsal 
view, rounded in lateral view, subequal to eye length (96.8% 
of eye length); (b) eye medium-sized, eye length/snout-vent 
length ratio 13%; eye to nostril distance 6.396 of SVL; (6) 
tympanum comparatively large and rounded, 7.9% of SVL; 
well separated from eye (TED/SVL ratio 3.696); (7) tips of 
all digits rounded, not expanded in F1—F4, T1, T2, and 
T5, weakly expanded in T3 and T4; (8) first finger (F1) 
reduced to nub, less than one-third of F2 length (1FL/2FL 
ratio 29.296); terminal phalanx of F1 reduced to tiny rounded 
ossification, relative finger lengths: l«ll«IV«lll, relative toe 
lengths: I<Il<V<lll<IV; (9) subarticular tubercles under fingers 
and toes weak, indistinct; (10) outer metatarsal tubercle absent, 
inner metatarsal tubercle small, rounded (3.596 of SVL); (11) 
skin of ventral surface completely smooth, skin of dorsal 
and lateral surfaces shagreened anteriorly, distinctly warty 
posteriorly with large flat tubercles or pustules finely scattered 
on posterior dorsum and dorsal surface of hindlimbs; (12) 
dorsomedial vertebral skin ridge indistinct, discernable only 
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on dorsal surface of head; (13) dorsally grayish-brown with 
small reddish speckles anteriorly, darker tubercles posteriorly; 
lateral sides of head dark brown with beige mottling; ventrally 
gray-beige with weak gray marbling. 


Description of holotype: Measurements of holotype are 
given in Table 3. Holotype in life is shown in Figure 5A and 
Figure 6. Body miniaturized, with SVL 14.2 (hereafter all 
measurements in mm), in good state of preservation; ventral 
surface of left thigh dissected 1.5 mm and partial femoral 
muscles removed. Body habitus stout (Figure 5A), head as 
long as wide (HL/HW 101.1%); snout short, obtuse in dorsal 
view (Figure 6A), rounded in profile (Figure 6C), subequal 
to eye diameter (SL/EL 96.8%); eyes medium-sized (EL/SVL 
13.0%), slightly protuberant in dorsal and lateral views (Figure 
6A, C), pupil round, horizontal (Figure 6C); dorsal surface of 
head slightly convex, canthus rostralis distinct, rounded; loreal 
region weakly concave; nostril rounded, lateral, located almost 
same distance from tip of snout and eye; tympanum well 
discerned, circular, comparatively large (TL/SVL ratio 7.9%), 
located distantly from eye (TED/SVL ratio 3.6%), tympanic rim 
not elevated above skin of temporal area, supratympanic fold 
present, glandular; vomerine teeth and spikes absent, single 
transverse palatal fold with smooth edge present across palate 
anteriorly to pharynx, tongue spatulate and free behind, lacking 
papillae, and vocal sac opening not discernable. 

Forelimbs comparatively short, about one-third of hindlimb 
length (FLL/HLL 34.3%); hand shorter than lower arm, almost 
one-third of forelimb length (HAL/FLL 34.3%); fingers short, 
slender, round in cross-section, first finger reduced to nub, 
length comprising less than one-third of second finger (1FL/2FL 
29.6%); relative finger lengths: I<Il<IV<Ill (Figure 6D). Finger 
webbing and dermal fringes on fingers absent. First fingertip 
rudimentary, slightly protuberant as nub. Tips of three outer 
fingers II-IV rounded, not dilated, finger disks absent, terminal 
grooves absent; longitudinal furrow on dorsal surface of fingers 
absent; subarticular tubercles under fingers indistinct; nuptial 
pad absent; two palmar (metacarpal) tubercles: inner palmar 
tubercle small, rounded; outer palmar tubercle rounded with 
indistinct borders, slightly shorter than inner palmar tubercle 
(IPTL/OPTL 120.0%); palmar surface smooth, supernumerary 
palmar tubercles absent. 

Hindlimbs comparatively short and thick, tibia length half 
of snout-vent length (TL/SVL 50.1%); tibiotarsal articulation of 
adpressed limb reaching eye level; foot slightly shorter than tibia 
(FL/TL 90.9%); relative toe lengths: I<Il<V<lll<IV; tarsus smooth, 
tarsal fold absent; tips of toes rounded, tips of toes III and IV 
slightly dilated (Figure 6E), terminal grooves on toes absent; 
toes rounded in cross-section, dermal fringes on toes absent; 
toe webbing absent between all toes; subarticular tubercles 
under toes indistinct; single metatarsal tubercle: inner metatarsal 
tubercle rounded, flattened (IMTL/SVL ratio 3.5%). 

Skin on anterior dorsal and dorsolateral surfaces shagreened 
with numerous small flat tubercles (Figure 6A); tubercles larger 
and more prominent on posterior parts of dorsum, sacral area, 
and dorsal surfaces of hindlimbs; dorsal surface of forelimbs 
smooth with few small tubercles on forearm; upper eyelids and 
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supratympanic folds with rows of enlarged tubercles forming 
flat glandular ridge; ventral sides of trunk, head, and limbs 
completely smooth (Figure 6B); weak indistinct dermal ridge 
present on midline of dorsal surface, running from tip of snout 
to scapular area (Figure 5A; Figure 6A). 


Coloration of holotype in life: Dorsum grayish-brown, anteriorly 
light brown, posteriorly darker, with small reddish speckling 
anteriorly (Figure 6A); tubercles on sacral area, posterior parts of 
dorsum, and dorsal surfaces of hindlimbs dark gray with whitish 
pustules in middle; upper eyelids with tiny reddish speckles, two 
dorsolateral rows of darker tubercles running from scapular area 
toward vent; dorsal surfaces of forearms dark brown with red-brown 
blotches; dorsal surfaces of hindlimbs dark brown with rare reddish 
spots and dark gray to whitish tubercles and pustules; lateral sides 
of head dark brown with beige mottling present in tympanic area 
and mouth corners (Figure 6C); canthus rostralis ventrally dark 
brown, dorsally reddish-brown; supratympanic fold with whitish 
glandular tubercles; ventrally gray-beige with weak gray marbling, 
more scarce on belly, denser on chest, throat, and ventral surfaces 
of limbs (Figure 6B); fingers and toes dorsally dark brown with 
indistinct dark brown or reddish blotches, ventrally uniform gray 
(Figure 6D, E). Pupil round, black, iris uniform black (Figure 6C). 


Coloration of holotype in preservative: Coloration pattern 
unchanged after preservation in ethanol for two years; however, 
dorsal coloration changed to grayish-brown and ventral surface 
of chest, belly, and limbs turned light gray. 


Osteological characteristics: Osteological description is 
based on microtomographic data from male holotype. Main 
skeletal features are shown in Figure 3. Details of skull 
morphology are presented in Figure 4. 

Skull clearly wider than long (Figure 3). Frontoparietals 
separate along entire length, longer than broad, narrower 
anteriorly than posteriorly, connected medially with long 
non-calcified suture, lacking sagittal crest, clearly separated 
from exoccipital by distinct suture posteriorly (Figure 4A). 
Exoccipitals separate, not contacting medially, sculptured 
laterally. © Nasals large, not meeting at midline, lacking 
posterior ramus, with gently rounded ventrolateral processes, 
chondrified peripherally, separated from sphenethmoid 
(Figure 4A). Sphenethmoid poorly ossified only laterally, 
chondrified anteriorly, ventrally, and dorsally (Figure 4B). 
Prootics partially chondrified, with distinct dorsal crest (Figure 
4C). Squamosal boomerang-shaped, well ossified, distally 
chondrified, articulating on lateral surface of prootic (Figure 
4C). Columella large, centrally ossified (Figure 4C), distally 
chondrified, bent and barely pointing to otic area medially; 
tympanic annulus completely chondrified. Premaxilla with 
slender, well-ossified dorsal process not reaching nasal; labial 
process of premaxilla well ossified (Figure 4D). Maxilla largely 
chondrified, ossified in central and anterior parts. Upper jaw 
with eleutherognathine condition: anterior ends of maxillaries 
not reaching labial portions of well-developed premaxillaries 
(Figure 4D). Quadratojugal mostly cartilaginous, ossified only 
in posterior portion. Vomers possibly completely chondrified 


plates, lacking teeth or lateral processes; septomaxilla well 
ossified (Figure 4B). Mentomeckelians ossified, connected to 


dentaries and each other by strips of cartilage (Figure 4B). 


Lower jaw with eleutherognathine condition: dentaries not 
fused (Figure 4D). Parasphenoid smooth; cultriform process 


of parasphenoid rather broad, abruptly terminating at middle 
of sphenethmoid with distinct anterior notch (Figure 4B). 
Hyoid plate completely cartilaginous; posteromedial processes 
strongly ossified, elongated, notably enlarged and widened at 
proximal ends, chondrified at distal ends (Figure 3B). 





Figure 3 Osteology of Vietnamophryne inexpectata sp. nov. (male holotype, ZMMU A-5820), showing full skeleton in dorsal (A) and 


ventral views(B); right forelimb in dorsal (C) and palmar aspects (D); and right foot in thenar (E) and dorsal aspects (F) 


Digits numbered l-V. Abbreviations: antbr.: os antebrachii (radius+ulna); carp.d.ll-IV: carpale distale F2-F4; centr.: centrale; cor.: coracoid bone; crur.: os cruris 


(tibia+fibula); fem.: femoral bone; fib.: fibulare; hm.: humeral bone; il.: ilium; mtc.I-IV: metacarpalia F1-F4; mtt.I-V: metatarsalia T1-T5; ph.d.l-IV: finger pahlanges 


F1-F4; ph.d.l-V: toe pahlanges T1-T5; pr.p.-m.: processus postero-medialis; prsac.v.: presacral vertebrae; rad.: radiale; sac.v.: sacral vertebra; sc.: scapula; 


tar.d.ll-Ill: tarsale distale T2-T3; tib.: tibiale; uln.: ulnare; ur.: urostyle. 
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Figure 4 Osteology of Vietnamophryne inexpectata sp. nov. (male holotype, ZMMU A-5820), showing skull in dorsal (A); ventral 


(B); lateral (C); and frontal views (D) 


Abbreviations: angspl.: angulosplenial; col.: columella; cond.oc.: occipital condylus; dent.: dentary bone; exoc.: exoccipital; fpar.: frontoparietal bone; max.: 


maxilla; mmk.: mentomeckelian bone; nas.: nasal bone; pmax.: premaxilla; proot.: prootic; psph.: parasphenoid; pter.: pterygoid; qj.: quadratojugal; smax.: 


septomaxilla; spheth.: sphenethmoid; sq.: squamosal. Scale bar: 1 mm. 


Eight nonimbricate procoelous presacral vertebrae (PSV), 
stout, length approximately one-seventh to one-third of 
width; first presacral vertebra longer than posterior vertebrae, 
vertebrae width not changing posteriorly; all except first with 
wide diapophyses; transverse processes with chondrified tips, 
longer anteriorly (3d PSV with longest transverse processes), 


decreasing in length progressively to posterior (Figure 3A, B). 


Diapophyses of vertebrae PSV2, PSV7, and PSV8 oriented 
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anteriad, those of PSV6 straight, and those of PSV3 to PSV5 
oriented posteriad. Neural crests on PSV absent. Sacrum with 
notably expanded diapophyses (diapophyses length ca. 35% 
of sacrum width). Urostyle with well-pronounced dorsal crest 
running about 80% of shaft; ilia smooth, lacking dorsal crest 
(Figure 3A). 

Coracoids, scapulae, and suprascapulae present; first two 
fully ossified; suprascapulae largely chondrified. Coracoids 


robust with narrow distal ends oriented anteriad; proximal 


ends greatly expanded, centrally notably narrowed (Figure 3B). 


Omosternum absent and clavicles absent. Sternum completely 
cartilaginous. 

Hand bones (Figure 3C, D) with three poorly calcified 
carpal elements: carpale distale | chondrified, carpale distale 
II-IV fused into single large element, partially chondrified; 
prepollex chondrified; radiale large, partially calcified; ulnare 
rounded, partially calcified. Metacarpals short, distally and 
proximally chondrified, medially calcified; hand phalangeal 
formula: 2-2-3-3; all phalanges ossified; distal phalanx of 
finger | tiny, rudimentary, rounded (Figure 3C, D); terminal 
phalanges of fingers II-IV small, bobbin-shaped, notably 
narrower than penultimate phalanges (Figure 3C, D). Tarsal 
elements of foot mostly chondrified (Figure 3E, F), tiny 
ossifications present within generally cartilaginous tarsale 
distale II-III and central; prehallux chondrified. Metatarsals fully 
ossified medially, partially ossified distally, mostly chondrified 
proximally; metatarsals longer and relatively more massive 
than metacarpals; foot phalangeal formula: 2-2-3-4-3; all 
phalanges ossified medially, chondrified distally and proximally 


(Figure 3E, F). Terminal phalanges of all toes small, 
bobbin-shaped; notably narrower than penultimate phalanges 
on all toes (Figure 3E, F). 


Natural history notes: Our knowledge on the biology of 
Vietnamophryne inexpeciata sp. nov. is scarce. The single new 
species specimen was recorded in primary polydominant tropical 
montane evergreen forests of Tay Nguyen Plateau at an elevation 
of ca. 1 000 m a.s.l.. It was found during heavy rain at 2100 h 
in wet soil at the bottom of a 20-cm deep hollow formed after a 
large 2-m long rotten tree log was turned over. The new species 
location was situated approximately 7 m from a small cascading 
stream (Figure 7). The frog was hiding among soil and leaf litter, 
suggesting that the new species has a semi-fossorial (subterranean) 
lifestyle or at least spends a considerable portion of its life hiding in leaf 
litter and under logs. The forest where the new species was recorded 
has a multi-layered canopy and heavy undergrowth, predominated 
by large trees of the families Podocarpaceae (Dacrydium elatum, 
Dacrycarpus imbricatus), Magnoliaceae, Burseraceae (Canarium 
sp.), Myrtaceae (Syzygium sp.), Hamamelidaceae (Rhodoleia sp., 
Exbucklandia sp.), Lauraceae (Litsea sp.), Fagaceae (Lithocarpus 
sp.), and Sterculiaceae (Scaphium sp.) (Figure 7). 





Figure 5 Three male holotypes of Vietnamophryne Gen. nov. species in life 


A: Vietnamophryne inexpectata sp. nov. (ZMMU A-5820); B: Vietnamophryne orlovi sp. nov. (ZMMU A-5821); C: Vietnamophryne occidentalis sp. nov. 
(ZMMU A-5822). Scale bar: 5 mm. Photos by N.A. Poyarkov (A, B) and P. Pawangkhanant (C). 
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Figure 6 Male holotype of Vietnamophryne inexpectata sp. nov. (ZMMU A-5820) in life 


A: Dorsal view; B: Ventral view; C: Lateral view of head; D: Palmar view of right hand; E: Thenar view of left foot. Photos by N. A. Poyarkov. 


Despite intensive fieldwork, no additional specimens of the 
new species were encountered either on the ground or in 
leaf litter over a 7-d period, suggesting a secretive biology for 
this frog. Diet and reproductive biology of the new species 
remain unknown. No calling activity was recorded during the 
survey. The male specimen was active at an air temperature 
of 21 °C with 100% humidity. The male possessed a pair of 
well-developed testes. 

Other species of anurans recorded syntopically at the 
type locality included /ngerophrynus galeatus (Günther, 
1864), Kurixalus banaensis (Bourret, 1939), Rhacophorus 
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annamensis Smith, 1924, Rhacophorus rhodopus Liu & Hu, 
1960, Hh. robertingeri Orlov, Poyarkov, Vassilieva, Ananjeva, 
Nguyen, Nguyen & Geissler, 2012, Rana johnsi Smith, 1921, 
Microhyla pulverata Bain & Nguyen, 2004, Leptolalax cf. 
ardens Rowley, Tran, Le, Dau, Peloso, Nguyen, Hoang, Nguyen 
& Ziegler, 2016, and Ophryophryne hansi Ohler, 2003. 


Comparisons: For discrimination from other Microhylidae 
genera occurring in Indochina, see "Comparisons with other 
Microhylidae genera inhabiting mainland Southeast Asia" 
above. 


Table 3 Measurement data for holotypes of three new species of Vietnamophryne Gen. nov. from Indochina 





V. inexpectata 


V. occidentalis 


V. inexpectata V. occidentalis 











Species V. orlovi sp. nov. Species V. orlovi sp. nov. 
sp. nov. sp. nov. sp. nov. sp. nov. 
Specimen ID ZMMU A-5820 ZMMU A-5821 ZMMU A-5822 Specimen ID ZMMU A-5820 ZMMU A-5821 ZMMU A-5822 
Holotype Holotype Holotype Holotype Holotype Holotype 
Sex Male Male Male Sex Male Male Male 
1. SVL 14.2 15.4 20.5 21. TYD 1.1 0.9 1.0 
2. HL 5.4 6.7 6.9 22. TED 0.5 0.7 0.4 
3.SL 1.8 2.5 2.1 23. 1FL 0.3 0.6 0.8 
4. EL 1.9 1.8 2.5 24. 2FL 1.0 1.2 1.9 
5. N-EL 0.9 2.0 1.4 25. 3FL T 1.7 3.6 
6. HW 5.4 5.8 6.8 26. 4FL 1.1 1.0 2.1 
7. IND 1.5 1.8 2.4 27. 1FW 0.2 0.2 0.4 
8. IOD 1.6 1.9 2.3 28. 2FDD 0.3 0.3 0.6 
9. UEW 0.9 0.8 1.4 29. 3FDD 0.3 0.4 0.7 
10. FLL 7.4 8.2 12.9 30. 4FDD 0.3 0.3 0.6 
11. LAL 5.9 5.7 9.7 31. 1TOEL 0.4 0.7 1.0 
12. HAL 3.2 3.2 5.6 32. 2TOEL 1.4 1.6 2.2 
13. IPTL 0.5 0.6 0.7 33. 3TOEL 24 3.1 3.8 
14. OPTL 0.5 0.7 0.6 34. 4TOEL 3.9 4.1 5.8 
15. HLL 21.4 22.1 28.8 35. STOEL 1.6 1.8 2.8 
16. TL 7.2 7A 10.0 36. 1TDD 0.3 0.3 0.5 
17. FTL 9.6 11.0 14.6 37. 2TDD 0.4 0.5 0.6 
18. FL 6.6 74 82 38. 3TDD 0.5 0.6 0.8 
19. IMTL 0.5 0.7 0.9 39. 4TDD 0.6 0.7 0.9 
20. OMTL - - = 40. 5TDD 0.4 0.4 0.6 





For abbreviations see Materials and Methods. All measurements are in mm. —: Not available. 





Figure 7 Habitat at type locality of Vietnamophryne inexpectata sp. nov. in Kon Chu Rang Nature Reserve, Gia Lai Province, 


Vietnam (Photo by A.V. Alexandrova) 


Vietnamophryne inexpectata sp. nov. can be distinguished 
from its congeners based on the following morphological 


attributes. 


nov. 


The new species can be distinguished from 
Vietnamophryne orlovi sp. 


(inhabiting Cao Bang 


Province, northern Vietnam, described below) by warty skin on 
posterior and shagreened skin on anterior dorsum (vs. mostly 
smooth skin, slightly shagreened posteriorly, lacking enlarge 
tubercles), grayish-beige ventral coloration with gray marbling 
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(vs. bright lemon-yellow belly with dark brown marbling), 
F1 reduced to nub, 1FL/2FL 29.6% (vs. F1 well-developed, 
1FL/2FL 47.9%), head length almost equal to head width, 
HW/HL 101.1% (vs. head longer than wide, HW/HL 86.5%), 
snout length subequal to eye length, SL/EL 96.8% (vs. snout 
notably longer than eye length, SL/EL 141.3%), slightly larger 
tympanum, TYD/EL 60.5% (vs. TYD/EL 47.5%), and eye to 
nostril distance twice as short as eye length, N-EL/EL 48.1% 
(vs. N-EL/EL 109.5%). 

Vietnamophryne inexpectata sp. nov. can be discriminated 
from Vietnamophryne occidentalis sp. nov. (inhabiting Chiang 
Rai Province, northern Thailand, described below) by the 
following combination of morphological characters: smaller 
body size, SVL 14.2 mm in single male holotype (vs. larger 
SVL 20.5 in single male holotype), warty skin on posterior 
and shagreened skin on anterior parts of dorsum (vs. mostly 
smooth skin with rare flat tubercles), grayish-beige ventral 
coloration with gray marbling (vs. bright orange-red belly with 
sparse dark brown marbling), F1 reduced to nub, 1FL/2FL 
29.6% (vs. F1 well-developed, 1FL/2FL 42.7%), slightly larger 
tympanum, TYD/EL 60.5% (vs. TYD/EL 41.5%), and slightly 
shorter forelimb, FLL/SVL 51.7% (vs. comparatively longer 
forelimb, FLL/SVL 62.7%). 


Distribution and biogeography: At present, Vietnamophryne 
inexpectata sp. nov. is known only from its type locality 
in montane tropical forest in Kon Chu Rang Nature Reserve, 
Gia Lai Province, central Vietnam at an elevation of ca. 
1 000 m a.s... The discovery of this secretive species in 
montane forests of other parts of Tay Nguyen Plateau at similar 
elevations in central Vietnam (Kon Tum, Quang Nam, Quang 
Ngai and Thua Thien-Hue provinces) and possibly in adjacent 
Laos is highly anticipated. 


Conservation status: To date, the new species is known only 
from a single specimen, likely due to its secretive biology. The 


range and population status of Vietnamophryne inexpectata sp. 


nov. are unknown and further survey efforts in other parts of 
Tay Nguyen Plateau are required to understand its distribution 
and life history. Given the available information, we suggest 
Vietnamophryne inexpectata sp. nov. be considered as a Data 
Deficient (DD) species following IUCN’s Red List categories 
(IUCN Standards and Petitions Subcommittee, 2016). 


Etymology: The specific name "inexpectata" is a Latin 
adjective in the nominative singular meaning “unexpected”; 
referring to the surprising discovery of this frog species in 
2016, which belongs to the mainly Australasian subfamily 
Asterophryinae; until recently (Suwannapoom et al., 2018) 
members of Asterophryinae were not recorded from mainland 
Southeast Asia or eastern Indochina. 


Suggested common names. We recommend the following 
common names for the new species: "Tay Nguyen Dwarf Frog" 
(English) and “Nhai Lun Tay Nguyén" (Vietnamese). 


Vietnamophryne orlovi sp. nov. 


Figure 5B, Figure 8, Figure 9; Table 3. 
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Holotype: ZMMU A-5821, adult male in good state of 
preservation, from a primary montane subtropical forest on the 
southern slopes of Phia Oac Mt., Phia Oac-Phia Den National 
Park, Cao Bang Province, northern Vietnam (N22.600°, 
E105.884°; elevation 1 200 m a.s.l.); collected on 9 June 2017 
by Nikolay A. Poyarkov at 2300 h from soil in the roots of a tree 
fern on a steep mountain slope (Figure 9A), ca. 20 m from a 
small cascading stream (Figure 9B). 


Diagnosis: Assigned to the genus Vietnamophryne Gen. 
nov. based on morphological attributes and phylogenetic 
position in mtDNA genealogy (see Diagnosis of the new genus 
and Results). From other congeners Vietnamophryne orlovi 
Sp. nov. can be distinguished by the following combination 
of morphological traits: (1) miniaturized body size, SVL of 
single male 15.4 mm; (2) body habitus stout, FLL/SVL and 
HLL/SVL ratios 53.3% and 143.4%, respectively; (3) head 
longer than wide, HW/HL ratio 86.5%; (4) snout comparatively 
long, rounded in dorsal and lateral views, snout length greater 
than eye length (SL/EL ratio 141.396); (b) eye medium-sized, 
eye length/snout-vent length ratio 11.6%; eye to nostril distance 
12.796 of SVL; (6) tympanum comparatively small, rounded, 
5.596 of SVL; well separated from eye (TED/SVL ratio 4.296); 
(7) tips of all digits rounded, not expanded in F1—F4, T1, T2, 
and T5, weakly expanded in T3 and T4; (8) first finger (F1) 
well developed, half of F2 length (1FL/2FL ratio 47.9%), relative 
finger lengths: I<IV<ll<lll, relative toe lengths: I«II«V«IlI«IV; (9) 
subarticular tubercles under fingers and toes weak, indistinct; 
(10) outer metatarsal tubercle absent, inner metatarsal tubercle 
small, rounded (4.2% of SVL); (11) skin of ventral surface 
completely smooth, skin of dorsal and lateral surfaces smooth 
anteriorly, somewhat shagreened posteriorly with small flat 
pustules loosely scattered on posterior dorsum and dorsal 
surface of hindlimbs; (12) dorsomedial vertebral skin ridge 
distinct, discernable only on midline of dorsum and head; (13) 
dorsally reddish-brown, pustules on posterior dorsum whitish; 
lateral sides of head dark brown with whitish mottling; ventrally 
lemon-yellow with fine brown marbling. 


Description of holotype: Measurements of holotype are 
given in Table 3. Holotype in life is shown in Figure 5B 
and Figure 8. Body miniaturized, SVL 15.4, in good state of 
preservation; ventral surface of left thigh dissected 1.6 mm 
and partial femoral muscles removed. Body habitus stout 
(Figure 5B), head notably longer than wide (HL/HW 86.5%); 
snout comparatively long, rounded in dorsal view (Figure 8A), 
truncate in lateral view (Figure 8C), snout length greater than 
eye length (SL/EL ratio 141.3%); eyes medium-sized (EL/SVL 
ratio 11.6%); eye to nostril distance 12.7% of SVL; eyes 
slightly protuberant in dorsal and lateral views (Figure 8A, C), 
pupil round, horizontal (Figure 8C); dorsal surface of head 
slightly convex, canthus rostralis distinct, rounded; loreal region 
concave; nostril rounded, lateral, located closer to tip of snout 
than to eye; tympanum well discernable, circular, comparatively 
small (TL/SVL ratio 5.5%), located distantly from eye (TED/SVL 
ratio 4.2%), tympanic rim not elevated above skin of temporal 
area, supratympanic fold present, distinct, glandular; vomerine 


teeth and spikes absent, single transverse palatal fold with 
smooth edge present across palate anteriorly to pharynx, 
tongue spatulate and free behind, papillae on tongue absent, 
vocal sac opening absent. 

Forelimbs comparatively short, around one-third of hindlimb 
length (FLL/HLL 37.2%); hand shorter than lower arm, almost 
one-third of forelimb length (HAL/FLL 38.7%); fingers short, 
round in cross-section, first finger well developed, half of 
length of second finger (1FL/2FL 47.9%); relative finger 
lengths: I<IV<Il<Ill (Figure 8D). Finger webbing and dermal 


fringes on fingers absent. 
finger well developed. 


First finger tip rounded, first 
Tips of three outer fingers II—IV 


rounded, not dilated, finger disks absent, terminal grooves 
absent; longitudinal furrow on dorsal surface of fingers absent; 
subarticular tubercles under fingers indistinct; nuptial pad 
absent; two palmar tubercles: inner palmar tubercle small, 
rounded; outer palmar tubercle rounded, slightly longer than 
inner palmar tubercle (IPTL/OPTL 90.9%); palmar surface 
smooth, supernumerary palmar tubercles absent. 





Figure 8 Male holotype of Vietnamophryne orlovi sp. nov. (ZMMU A-5821) in life 
A: Dorsal view; B: Ventral view; C: Lateral view of head; D: Palmar view of left hand; E: Thenar view of left foot. Photos by N. A. Poyarkov. 
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Hindlimbs short and thick, tibia length less than half of 
snout-vent length (TL/SVL 46.0%); tibiotarsal articulation of 
adpressed limb reaching eye level; foot length equal to tibia 
length (FL/TL 100.7%); relative toe lengths: I<ll<V<lli<IV; 
tarsus smooth, tarsal fold absent; tips of toes rounded, tips of 
toes IIl and IV slightly dilated (Figure 8E), terminal grooves or 
dermal fringes on toes absent; toes rounded in cross-section; 
toe webbing absent between all toes; subarticular tubercles 
under toes indistinct; single metatarsal tubercle: inner 
metatarsal tubercle rounded, flattened (IMTL/SVL ratio 4.2%). 


Skin on anterior dorsal and dorsolateral surfaces smooth, 
shagreened on posterior dorsum and dorsal surfaces of 
hindlimbs; small flat tubercles loosely scattered on sacral area 
and dorsal surfaces of limbs (Figure 8A); dorsal surface of 
forelimbs smooth; upper eyelids smooth, supratympanic folds 
with low glandular ridges; ventral sides of trunk, head and limbs 
completely smooth (Figure 8B); well-developed distinct dermal 
ridge present on midline of head dorsal surface, running from 
tip of snout to sacral area (Figure 5B; Figure 8A). 





Bang Province, Vietnam (Photos by Le Xuan Son) 


Coloration of holotype in life: Dorsum reddish-brown, 
anteriorly orange-brown, numerous small red speckles densely 
scattered on dorsal surfaces of head, body, and limbs (Figure 
8A); posterior parts of dorsum and dorsal surfaces of hindlimbs 
with tiny whitish pustules; upper eyelids and canthus rostralis 
with narrow whitish stripe formed by tiny flat tubercles: stripe 
from snout tip toward eye along canthus rostralis, continuing to 
superciliary area and indistinct on supratympanic fold; dorsal 
surfaces of forearms brick-red; dorsal surfaces of hindlimbs 
reddish-brown with numerous reddish spots and rare whitish 
tubercles and pustules; lateral sides of head dark brown with 
whitish mottling on upper jaw and mouth corners (Figure 8C); 
canthus rostralis ventrally dark brown, dorsally with whitish 
stripe continuing to upper eyelid; supratympanic fold with 
reddish glandular tubercles lacking white stripe; ventrally bright 
lemon-yellow with weak dark brown marbling, marbling more 
scarce on ventral part of thighs and vent area, denser anteriorly 
toward chest and throat area (Figure 8B); fingers and toes 
dorsally gray-brown with indistinct reddish blotches, ventrally 
gray-brown with irregular beige or yellowish blotches (Figure 
8D, E). Pupil round, black, iris uniform dark brown (Figure 8C). 
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Coloration of holotype in preservative: Coloration pattern 
unchanged after preservation in ethanol for one year; however, 
dorsal coloration changed to dark gray yellow tint on ventral 
surfaces of body and limbs faded to gray-beige. 


Natural history notes: The biology of Vietnamophryne orlovi 
sp. nov. is unknown. The only encountered specimen of the 
new species was discovered at 2300 h under heavy rain in soil 
around the roots of cf. Dicranopteris sp. ferns (Gleicheniaceae, 
Gleicheniales), approximately 10 cm underground; the frog 
burrow was located on a steep slope of Phia Oac Mt. (Figure 
9A), ca. 20 m from a small cascading stream (Figure 9B) at 
an elevation of ca. 1 200 m a.s.l. and air temperature of 
17 °C. Thus, this species may exhibit a semi-fossorial lifestyle. 
Despite thorough search efforts, no additional individuals were 
recorded during a 10-d field survey in Phia Oac-Phia Den 
National Park, possibly due to the secretive biology of this frog. 
Diet and reproductive biology of Vietnamophryne orlovi sp. 
nov. remain unknown. No calling activity was recorded during 
the survey. The male possessed a pair of well-developed 
testes. 


The polydominant subtropical forests in Phia Oac-Phia Den 
National Park at elevations of 1 200-1 400 m asl. show 
thick bamboo undergrowth and are dominated by trees from 
the families Fagaceae (Lithocarpus, Castanopsis), Sapindaceae 
(Acer), Platanaceae (Platanus), Elaeocarpaceae (Elaeocarpus), 
Ericaceae (Rhododendron), Lauraceae (Cinnamomum), and 
Theaceae (Schima), with thick layers of moss and numerous 
epiphytic plants (Orchidaceae, Ericaceae, Pteridophyta) (Figure 
9). 

In Phia Oac, under the influence of the monsoon tropical 
climate of northeast Vietnam with cold winters and summer 
rains, the mean annual temperature, precipitation, and humidity 
are 20.6 °C, 1 718 mm, and 83.4%, respectively (Averyanov 
et al., 2003; Le, 2005). Unusually for northern Vietnam, 
the temperature can fall below freezing and snow is not rare 
in December and January. The dry season extends from 
November to April, with a mean precipitation of 295 mm (17.2% 
of total annual rainfall); the rainy season runs from May to 
November, with peak rainfall in July and August and mean 
rainfall of 1 423 (82.8% of total annual rainfall; Le, 2005). These 
conditions support a variety of forest types, particularly low to 


high montane broadleaf evergreen forests (Tran et al., 2014). 


Currently, vegetation covers approximately 84% of the total 
area of Phia Oac, though mostly consists of secondary forests 
or plantations. Mature (primary) and undisturbed forests are 
found only above 1 000 m a.s.l. (Tran et al., 2014). 

Other species of amphibians recorded syntopically with 
the new species at the type locality include Tylototriton 
ziegleri Nishikawa, Matsui & Nguyen, 2013, Raorchestes 
parvulus (Boulenger, 1893), Kurixalus odontotarsus (Ye & 
Fei, 1993), Gracixalus gracilipes (Bourret, 1937), Gracixalus 
jinxiuensis (Hu, 1978), Polypedates mutus (Smith, 1940), and 
Ophryophryne microstoma Boulenger, 1903. 


Comparisons: For comparisons with other members of the 
family Microhylidae occurring in Indochina, see "Comparisons 
with other Microhylidae genera inhabiting mainland Southeast 
Asia" above. For comparisons with Vietnamophryne inexpectata 
Sp. nov. see the "Comparisons" section above. 

Vietnamophryne orlovi sp. nov. can be distinguished from 
Vietnamophryne occidentalis sp. nov. (known from Chiang 
Rai Province, northern Thailand, described below) based on 
the following combination of morphological features: smaller 
body size, SVL 15.4 mm in single male holotype (vs. larger 
SVL 20.5 in single male holotype), lemon-yellow belly with dark 
brown marbling (vs. bright orange-red belly with sparse dark 
brown marbling), head longer than wide, HW/HL 86.5% (vs. 
head length almost equal to head width, HW/HL 99.0%), snout 
notably longer than eye length, SL/EL 141.396 (vs. snout length 
notably shorter than eye length, SL/EL 85.5%), eye to nostril 
distance almost equal to eye length, N-EL/EL 109.596 (vs. eye 
to nostril distance twice as short as eye length, N-EL/EL 55.2%), 
and slightly shorter forelimb, FLL/SVL 53.296 (vs. comparatively 
longer forelimb, FLL/SVL 62.7%). 


Distribution and biogeography: At present, Vietnamophryne 
orlovi sp. nov. is known only from the type locality on Phia 


Oac Mt., in the montane subtropical forest of Phia Oac-Phia 
Den National Park, Cao Bang Province, northern Vietnam at an 
elevation of ca. 1 200 m a.s.l. Phi Oac Mt. is the highest peak of 
the Ngan Son-Yen Lac Mountain Ridge located in northeastern 
Vietnam (Cao Bang, Bak Kan, and Thai Nguyen provinces); 
the occurrence of this species in other montane forest areas of 
the Ngan Son-Yen Lac Mountain Ridge at similar elevations is 
considered likely. 


Conservation status: At present, Vietnamophryne orlovi sp. 
nov. is only known from a single specimen, possibly due to the 
secretive semi-fossorial biology of the species. The distribution 
and population status of Vietnamophryne orlovi sp. nov. are 
unknown and additional surveys in other areas of the Dong Bac 
(north-east) region of Vietnam are essential for elucidating the 
biology of the new species and clarifying its distribution. Given 
the available information, we suggest Vietnamophryne orlovi 
Sp. nov. be considered as a Data Deficient (DD) species 
following IUCN's Red List categories (IUCN Standards and 
Petitions Subcommittee, 2016). 


Etymology: The specific name "orlovi" is a Latinized patronymic in 
genitive singular; the name of the new species is given in honor of 
Dr. Nikolai L. Orlov (ZISP, St. Petersburg, Russia) for recognition 
of his outstanding contribution to the knowledge of herpetofauna 
of Indochina. 


Suggested common names: We recommend the following 
common names for the new species: "Orlovs Dwarf Frog" 
(English) and "Nhái Lun Dóng Bac" (Vietnamese). 


Vietnamophryne occidentalis sp. nov. 
Figure 5C, Figure 10, Figure 11; Table 3. 


Holotype: ZMMU A-5822, adult male in poor state of 
preservation, from a primary montane subtropical forest on 
limestone outcrops of Doi Tung Mt., Pong Ngam District, 
Chaing Rai Province, northern Thailand (N20.344°, E99.830° 
elevation 1 050 m a.s.l.); collected on 5 April 2017 by Parinya 
Pawangkhanant at 1400 h from soil and leaf litter on the 
watershed of a steep mountain slope (Figure 11A) near a forest 
trail far from streams or rivers (Figure 11B). 


Diagnosis: Assigned to the genus Vietnamophryne Gen. nov. 
based on morphological character traits and phylogenetic 
position in mtDNA genealogy (see Diagnosis of the new 
genus and Results). Vietnamophryne occidentalis sp. nov. 
can be distinguished from other congeners by the following 
combination of morphological features: (1) body size small, 
SVL of single male 20.5 mm; (2) body habitus stout, FLL/SVL 
and HLL/SVL ratios 62.796 and 140.396, respectively; (3) 
head as long as wide, HW/HL ratio 99.096; (4) snout short, 
obtuse in dorsal view, rounded in lateral view, shorter than 
eye length (85.596 of eye length); (5) eye medium-sized, eye 
length/snout-vent length ratio 1296; eye to nostril distance 6.796 
of SVL; (6) tympanum comparatively small, rounded, 5.096 
of SVL; located very close to eye (TED/SVL ratio 1.896); (7) 
tips of digits rounded, not expanded in F1—F4, T1, T2, and 
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T5, weakly expanded in T3 and T4; (8) first finger (F1) well 
developed, half of F2 length (1FL/2FL ratio 43.0%), relative 
finger lengths: I<Il<IV<ill, relative toe lengths: I«II«V«llI«IV; (9) 
subarticular tubercles under fingers and toes weak, indistinct; 
(10) outer metatarsal tubercle absent, inner metatarsal tubercle 
small, rounded (4.2% of SVL); (11) skin of ventral surface 
completely smooth, skin of dorsal and lateral surfaces smooth, 
posteriorly with loosely scattered small flat tubercles present 
on dorsal surfaces of posterior dorsum and hindlimbs; (12) 
dorsomedial vertebral skin ridge distinct, well discernable on 
midline of dorsum and head; (13) dorsally dark brick-brown, 
lateral sides of head dark brown to black; ventrally orange-red 
with few dark brown flecks. 


Description of holotype: Measurements of holotype are given 
in Table 3. Holotype in life is shown in Figure 5C and Figure 
10. Body size small, SVL 20.5, in poor state of preservation 
(specimen was partially decayed prior to preservation, soft 
tissues absent from distal part of left hindlimb and middle part 
of belly); ventral surface of left thigh dissected 2.0 mm and 
partial femoral muscles removed. Body habitus stout (Figure 
5C), head width equal to head length (HL/HW 99.0%); snout 
very short, truncate in dorsal view, rounded in lateral view 
(Figure 10A), snout length much shorter than eye length (SL/EL 
ratio 85.5%); eyes medium-sized (EL/SVL ratio 12.1%); eye 
to nostril distance 6.7% of SVL; eyes slightly protuberant in 
dorsal and lateral views (Figure 5C; Figure 10A, B), pupil round, 
horizontal; dorsal surface of head rather flat, canthus rostralis 
distinct, rounded; loreal region vertical; nostril rounded, lateral, 
located closer to tip of snout than to eye; tympanum well 
discernable, circular, comparatively small (TL/SVL ratio 5.0%), 
located very close to eye (TED/SVL ratio 1.8%); tympanic rim 
not elevated above skin of temporal area, supratympanic fold 
present, distinct and thick, rounded, glandular; vomerine teeth 
and spikes absent, single transverse palatal fold with smooth 
edge present across palate anteriorly to pharynx, tongue 
spatulate and free behind, lacking papillae, vocal sac opening 
absent. 

Forelimbs comparatively long, almost half hindlimb length 
(FLL/HLL 44.7%); hand much shorter than lower arm, less than 
half forelimb length (HAL/FLL 43.9%); fingers comparatively 
long, slender, round in cross-section, first finger well developed, 
length slightly less than half of second finger (1FL/2FL 42.7%); 
relative finger lengths: I«II«IV«III (Figure 10C). Finger webbing 
and dermal fringes on fingers absent. First finger tip rounded, 
first finger well developed. Tips of three outer fingers II—IV 
rounded, not dilated, finger disks absent, terminal grooves 
absent; longitudinal furrow on dorsal surface of fingers absent; 
subarticular tubercles under fingers indistinct; nuptial pad 
absent; two palmar tubercles: inner palmar tubercle small, 
rounded; outer palmar tubercle rounded, slightly shorter than 
inner palmar tubercle (IPTL/OPTL 109.7%); palmar surface 
smooth, supernumerary palmar tubercles absent. 

Hindlimbs short and thick, tibia length almost half of 
snout-vent length (TL/SVL 49.0%); tibiotarsal articulation 
of adpressed limb reaching eye level; foot length notably 
shorter than tibia length (FL/TL 82.0%); relative toe lengths: 
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I<Il<V<lll<IV; tarsus smooth, tarsal fold absent; tips of toes 
rounded, tip of toe Ill slightly dilated, tip of toe IV notably 
dilated (Figure 10D), terminal grooves or dermal fringes on 
toes absent; toes rounded in cross-section; toe webbing absent 
between all toes; subarticular tubercles under toes indistinct; 
single metatarsal tubercle: inner metatarsal tubercle rounded, 
flattened (IMTL/SVL ratio 4.2%). 

Skin on dorsal and dorsolateral surfaces smooth; rare 
small flat tubercles present on dorsal surfaces of hindlimbs 
and posterior dorsum (Figure 5C); dorsal surface of forelimbs 
smooth; upper eyelids smooth, supratympanic folds with low 
thick glandular ridges; ventral sides of trunk, head, and 
limbs completely smooth (Figure 10B); well-developed distinct 
dermal ridge present on midline of dorsal surface, running from 
tip of snout to cloacal area (Figure 5C; Figure 10A). 


Coloration of holotype in life: Dorsally uniform dark 
brick-brown, continued on dorsal surfaces of limbs; rare small 
flat tubercles somewhat darker (dark brown) (Figure 104); 
loosely scattered pustules on dorsal surfaces of posterior parts 
of dorsum and hindlimbs gray; dorsal surfaces of fore- and 
hindlimbs dark brick-brown; lateral sides of head dark brown 
(almost black); whitish mottling head sides or jaws absent 
(Figure 10A); canthus rostralis and supratympanic fold ventrally 
dark brown, dorsally brick-brown; ventrally bright orange-red 
with weak and rare dark brown marbling, denser on throat 
and ventral surfaces of hindlimbs (Figure 10B); fingers and 
toes dorsally dark brown, ventrally gray-brown to gray with 
occasional reddish blotches (Figure 10C, D). Pupil round, black, 
iris uniform dark brown (Figure 5C; Figure 10A). 


Coloration of holotype in preservative: Coloration pattern 
unchanged after one year in ethanol; however, dorsal coloration 
changed to dark brown, reddish tint from dorsum and ventral 
surfaces faded completely; latter look yellowish-gray. 


Natural history notes: The first record of Vietnamophryne 
occidentalis sp. nov. from Doi Tung Mt. was made by 
Akrachai Aksornneam on 10 February 2017. The specimen 
was encountered under a tree log at an elevation of ca. 1 000 
m a.s.l. but was not collected. The holotype male specimen 
of the new species was encountered on 5 April 2017 during 
the day (1400 h) after heavy rain. The specimen was found 
at an elevation of ca. 1 050 m a.s.l. in leaf litter near a forest 
trail (Figure 11B) on the slope of Doi Tung Mt. with limestone 
outcrops (Figure 114A). 

The climate of Doi Tung Mountain, Chiang Rai Province, 
is monsoonal with three distinct seasons: cool-dry from 
November to February, hot-dry from March to May, and 
rainy from May-June to November. The average annual 
rainfall is 2 500 mm at 1 200 m. Temperatures are 
lowest from November to February, with an average minimum 
at 500 m of 13 °C in January-February and 21 °C 
from June-August (Maxwell, 2007). At elevations above 
1 000 m a.s.l., the typical montane forest canopy trees 
include: Schima wallichii (Theaceae), Sarcosperma arboretum 
(Sapotaceae), Cinnamomum iners (Lauraceae), Balakata 


baccata (Euphorbiaceae), and several Fagaceae (Castanopsis 
armata, C. tribuloides, and Lithocarpus elegans) (Maxwell, 
2007). 

As in other species of Vietnamophryne Gen. nov., 


the biology of Vietnamophryne occidentalis sp. nov. 


remains completely unknown. Both known specimens were 
encountered during the day in soil under a large log or in leaf 
litter after heavy rain. As in other species of Vietnamophryne 


Gen. nov., we assume that Vietnamophryne occidentalis sp. 
nov. has a secretive lifestyle and spends considerable time 
underground or in leaf litter. Despite intensive search efforts, 
only two specimens were encountered during two surveys. 
No calling activity was recorded during either survey, and 
reproductive biology and diet of Vietnamophryne orlovi sp. nov. 
remain unknown. 
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Figure 10 Male holotype of Vietnamophryne occidentalis sp. nov. (ZMMU A-5822) in life 


A: Dorsal view; B: Ventral view; C: Palmar view of right hand; D: Thenar view of left foot. Photos by P. Pawangkhanant. 
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Figure 11 Macrohabitat (A) and microhabitat (B) at type locality of Vietnamophryne occidentalis sp. nov. in Doi Tung Mt., Chiang 
Rai Province, Thailand (Photos by P. Pawangkhanant and M. Naidaungchan) 


The associated species of amphibians and reptiles recorded 
in the area include: Microhyla berdmorei (Blyth, 1856), 
Microhyla heymonsi Vogt, 1911, Sylvirana nigrovittata (Blyth, 
1856), Hhacophorus rhodopus Liu & Hu, 1960, Theloderma 
albopunctatum (Liu & Hu, 1962), Theloderma gordoni Taylor, 
1962, Acanthosaura lepidogaster (Cuvier, 1829), Pseudocalotes 
microlepis (Boulenger, 1888), Tropidophorus thai Smith, 1919, 
Oreocryptophis porphyraceus cf. porphyraceus (Cantor, 1839), 
and Ovophis monticola (Günther, 1864). 


Comparisons: For discrimination from other microhylid 
frogs occurring in Indochina, see “Comparisons with other 
Microhylidae genera inhabiting mainland Southeast Asia” above. 
For comparisons with Vietnamophryne inexpectata sp. nov. and 
Vietnamophryne orlovi sp. nov. see the “Comparisons” sections 
above. 


Distribution and biogeography: To date, Vietnamophryne 
occidentalis sp. nov. is known only from its type locality 
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in montane subtropical forest on limestone outcrops of Doi 
Tung Mt., Pong Ngam District, Chaing Rai Province, northern 
Thailand, at an elevation of ca. 1 050 m a.s.. Mt. Doi 
Tung belongs to a small mountain ridge located on the border 
between Chiang Rai Province of Thailand and Shan State of 
Myanmar; thus, the occurrence of the new species in adjacent 
parts of Myanmar is highly anticipated. 


Conservation status: To date, Vietnamophryne occidentalis 
sp. nov. is known from a single locality based on one 
unvouchered record and the holotype specimen. Similar to 
other members of the genus Vietnamophryne Gen. nov., it 
is likely that the new species has a secretive semi-fossorial 
biology. Additional focused survey efforts in adjacent parts of 
Thailand and Myanmar are required to clarify the range and 
population status of Vietnamophryne occidentalis sp. nov. 
Given the available information, we suggest Vietnamophryne 
occidentalis sp. nov.sp. nov. be considered as a Data 
Deficient (DD) species following IUCN's Red List categories 


(IUCN Standards and Petitions Subcommittee, 2016). 


Etymology: The specific name “occidentalis” is a Latin adjective 
in the nominative singular meaning “western”; referring to the 
type locality of the new species in western Indochina (Chiang 
Rai Province of Thailand) — to date, the westernmost area where 
members of the subfamily Asterophryinae are recorded. 


Suggested common names: We recommend the following 
common names for the new species: “Chiang Rai Dwarf Frog” 
(English) and “Eung Tham Khaera Chiang Rai” (Thai). 


DISCUSSION 


In this work, we report on the discovery of a new 


lineage of Asterophryinae microhylid frogs from Indochina. 
Vietnamophryne is a genus of small miniaturized frogs. 


Although the specimens were mostly recorded in soil or 
under large tree-trunks, suggesting a semi-fossorial lifestyle, 
they lack obvious adaptations for digging. Due to their 
secretive underground biology, they have been encountered by 
herpetologists only rarely and have remained almost unnoticed 
despite 200 years of herpetological studies in Indochina. Even 
with our intensive effort, we were unable to collect additional 
specimens of the three new species from the three localities in 
Vietnam and Thailand. It is anticipated, however, that members 
of the genus Vietnamophryne will be discovered in other parts 
of Indochina, including central and northern Vietnam, Laos, 
and northern Myanmar. Our work calls for intensification 
of focused herpetological surveys combined with molecular 
analyses to further our understanding of amphibian biodiversity 
in Indochina. Intensive examination of museum herpetological 
collections also might result in the discovery of Asterophryinae 
specimens, as these frogs may have been misidentified as 
juveniles of other microhylid species in previous work. 

As predicted by Kurabayashi et al. (2011), Vietnamophryne 
represents an ancient lineage of Asterophryinae differentiation 


distributed deep in mainland Southeast Asia (northern Indochina). 


Here, Vietnamophryne was reconstructed as a sister lineage to 
Siamophryne from southern Indochina (north of Isthmus of Kra, 
Figure 1; Suwannapoom et al., 2018), and the clade joining 
the two latter genera was determined to be a sister clade to 
Gastrophrynoides from Sundaland (south of Isthmus of Kra, 
Figure 1). Thus, our discovery of the genus Vietnamophryne and 
three constituent species brings the number of Asterophryinae 
species reported for Indochina to five, and illustrates that 
the basal cladogenetic events within the subfamily most likely 
occurred on the Eurasian landmass, followed by subsequent 
radiation. This further supports the "out of Indo-Eurasia" scenario 
of Kurabayashi et al. (2011): according to their divergence 
estimates, the common ancestor of Asterophryinae diverged 
from other Microhylidae lineages during the late Cretaceous 
(possibly on the Indian subcontinent), and the basal split within 
the subfamily occurred during the Eocene (~48 Ma, Kurabayashi 
et al., 2011). Our data suggest that this split, separating the 
ancestor of Gastrophrynoides+Siamophryne+ Vietnamophryne 
from the ancestor of all other "core" Australasian Asterophryinae, 
most likely took place in Indochina. While the "core" 


Asterophryinae ancestors dispersed further eastwards, crossed 
the Wallace line, colonized the Australasian landmass, and 
diversified during the late Oligocene (~25 Ma, Rivera et al., 
2017), the cladogenesis within the Eurasian Asterophryinae was 
less intensive. Divergence within the genus Vietnamophryne 
was, most likely, a comparatively recent event due to the small 
genetic distances observed among species. 

A similar biogeographic "out of Indochina to Australasia" 
pattern has been reported in several other taxonomically 
diverse groups of amphibians and reptiles. For example, 
Yan et al. (2016) demonstrated that the speciose frog family 
Ceratobatrachidae (Natatanura) originated in the eastern 
Himalayas and Tibet, from where it colonized and subsequently 
radiated to the islands of the Australasian archipelago. Wood et 
al. (2012) reported a generally similar biogeographic pattern for 
the most diverse genus of geckoes (Cyrtodactylus), suggesting 
that the genus formed in the eastern Tibet-Himalayan region, 
from where it colonized the tropical areas of South and 
Southeast Asia. According to this scenario, Indochina served 
as a local diversification center of Cyrtodactylus, with several 
waves of dispersal allowing this genus to colonize Sundaland, 
Lesser Sunda Islands, the Philippines, Papua New Guinea, and 
adjacent Australasian islands and northern Australia (Wood 
et al., 2012). Hence, the biogeographic scenarios for at 
least two of most speciose Australasian frog families and the 
most speciose gecko genus argue an initial origination and 
cladogenesis in mainland Southeast Asia followed by dispersal 
into the Australasian archipelago and subsequent radiation. 
Our study further suggests that the Indochinese Peninsula 
played a key role in the formation of the herpetofauna of 
Southeast Asia and Australasia. 

Our dataset on the “core” Asterophryinae was based 
on sequences obtained from earlier studies (see Table 1 
for details), and our results on phylogenetic relationships 
among members of the Asterophryinae 1 clade were 
generally in accordance with previously published data. 
This speciose group underwent adaptive radiation in the 
Australo-Papuan region, with members of the Asterophryinae 
1 clade demonstrating various lifestyles, including arboreal, 
scansorial, terrestrial, burrowing (fossorial), and semi-aquatic 
(Rivera et al., 2017). This adaptive radiation has led to 
numerous homoplasies and reversal shifts in the evolution of 
morphological characteristics, thus hampering the progress 
of generic taxonomy based solely on morphological evidence 
(Burton, 1986; Kóhler & Günther, 2008; Menzies, 2006; 
Rivera et al, 2017; Zweifel, 1972). The multilocus 
analysis of phylogenetic relationships following wide sampling 
of New Guinean asterophryines by Rivera et al. (2017) 
showed that basal radiation of Asterophryinae occurred in a 
narrow timeframe between 20—27 Ma and was accompanied 
by numerous ecomorphological shifts. Rivera et al. 
(2017) pointed out 11 asterophryine genera as paraphyletic, 
suggesting that in most cases they can be brought into 
monophyly by collapsing genera (Albericus is synonymized 
with Choerophryne; Oreophryne clade 3 is synonymized with 
Aphantophryne; Genyophryne, Oxydactyla and Liophryne are 
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synonymized with Sphenophryne). However, some of the 
groups in Rivera et al. (2017) tree got low or no node 
support, thus hampering further taxonomic decisions (e.g., 
Austrochaperina and Copiula). Though based on limited 
taxon and molecular sampling, our analysis indicated that 
Sphenophryne thomsoni, previously assigned to the genus 
Genyophryne, was a sister lineage to the clade that united 
Cophixalus and Choerophryne, thus suggesting that the 
synonymization of Genyophryne with Sphenophryne may 
be premature. It is obvious that generic taxonomy of 
Asterophryinae is still in a state of flux and further molecular 
and morphological research is needed to achieve a better 
taxonomic hypothesis for this group. 

Due to the paucity of observations and very limited sampling, 
the natural history of Vietnamophryne remains almost 
completely unknown. Our data suggest that the new genus 
prefers undisturbed evergreen forests with a secretive, possibly 
semi-fossorial, lifestyle, and spends substantial time sheltering 
in leaf litter and soil. We have no information on diet, enemies, 
reproduction, or life cycle of the new genus. All members 
of the “core” Asterophryinae clade inhabiting Australasia, for 
which breeding has been observed, are known to have 
direct development — i.e., a life cycle with metamorphosis 
taking place within the egg (Günther et al., 2012b; Menzies, 
2006). However, the recently discovered Siamophryne has 
a peculiar tadpole, which is, to date, the only record of the 
existence of a larval stage for Asterophryinae (Suwannapoom 
et al., 2018). The reproductive biology and development of 
Gastrophrynoides also remain unknown (Chan et al., 2009; 
Parker, 1934). Superficially, the miniaturized Vietnamophryne 
resembles some small ground-dwelling genera of the “core” 
Asterophryinae, which exhibit direct development. However, 
as all collected specimens of Vietnamophryne were males, we 
cannot speculate on the possible reproduction mode of the 
new species. Due to the ancient divergence and phylogenetic 
history, morphological differences, and peculiarities of life cycle 
(e.g., larval development in Siamophryne), we cannot exclude 
that the taxonomic status of the Eurasian Asterophryinae 
lineage might be reconsidered in the future. 

Our work adds a new genus and three new species of 
frogs to the batrachofauna of Indochina. The real extent 
of distribution of the species described herein is unknown 
and requires further study. Undisturbed montane forests of 
eastern and northern Indochina cradle one of the richest 
herpetofaunas in the world (Poyarkov et al., unpublished 
data). However, deforestation is a growing threat in Indochina, 
especially in Vietnam (Meyfroidt & Lambin, 2008), and habitat 
loss and modification are widely recognized as major threats 
to amphibians in Southeast Asia. Forest specialist species 
restricted to primary undisturbed broadleaf evergreen montane 
forests would be especially vulnerable to changes in their 
environment. Further field survey efforts and molecular 
taxonomic studies are essential for the effective estimation 
and conservation management of amphibian biodiversity in 
Indochina. 
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ABSTRACT 


A new species of small tree frog from a primary 
montane tropical forest of central Vietnam, Tay 
Nguyen Plateau, is described based on morphological, 
molecular, and acoustic evidence. The Golden 
Bug-Eyed Frog, Theloderma auratum sp. nov., is 
distinguishable from its congeners and other small 
rhacophorid species based on a combination of the 
following morphological attributes: (1) bony ridges 
on head absent; (2) smooth skin completely lacking 
calcified warts or asperities; (3) pointed elongated 
tapering snout; (4) vocal opening in males absent; 
(5) vomerine teeth absent; (6) males of small body 
size (SVL 21.8—26.4 mm); (7) head longer than wide; 
ED/SVL ratio 1396—1596; ESL/SVL ratio 1696—2096; (8) 
small tympanum (TD/EL ratio 50%—60%) with few tiny 
tubercles; (9) supratympanic fold absent; (10) ventral 
surfaces completely smooth; (11) webbing between 
fingers absent; (12) outer and inner metacarpal 
tubercles present, supernumerary metacarpal tubercle 
single, medial, oval in shape; (13) toes half-webbed: 
| 2-2% Il 172-234 IIl 2-3% IV 3-1% V; (14) inner 
metatarsal tubercle present, oval; outer metatarsal 
tubercle absent; (15) iris bicolored; (16) dorsal 
surfaces golden-yellow with sparse golden-orange 
speckling or reticulations and few small dark-brown 
spots; (17) lateral sides of head and body with wide 
dark reddish-brown to black lateral stripes, clearly 


158 Science Press 


separated from lighter dorsal coloration by straight 
contrasting edge; (18) ventral surfaces of body, throat, 
and chest greyish-blue with indistinct brown confluent 
blotches; (19) upper eyelids with few (3—5) very 
small flat reddish superciliary tubercles; (20) limbs 
dorsally reddish-brown, ventrally brown with small 
bluish-white speckles. The new species is also 
distinct from all congeners in 12S rRNA to 16S rRNA 
mitochondrial DNA fragment sequences (uncorrected 
genetic distance P>8.9%). Advertisement call and 
tadpole morphology of the new species are described. 
Our molecular data showed Theloderma auratum sp. 
nov. to be a sister species of Th. palliatum from 
Langbian Plateau in southern Vietnam. 


Keywords: Theloderma auratum sp. nov.; mtDNA 
phylogeny; 128 rRNA; 16S rRNA; Kon Tum; Gia Lai; 
Endemism; Taxonomy 
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INTRODUCTION 


Rhacophoridae is a diverse family of largely arboreal tree 
frogs consisting of 414 currently recognized species in 18 
genera (AmphibiaWeb, 2018; Che & Wang, 2016; Frost, 
2018). Rhacophorids are distributed throughout Sub-Saharan 
Africa, China, Southern and Southeast Asia, Japan, Taiwan, 
the Philippines, and the Greater Sunda Islands (Frost, 
2018). Species diagnostics and generic allocation within 
Rhacophoridae can be difficult, and molecular phylogenetic 
analyses are essential for correct taxonomic decisions (Jiang 
et al., 2016; Li et al., 2008, 2009; Orlov et al., 2012; Poyarkov 
et al., 2015; Rowley et al., 2011; Yu et al., 2009). 

Frogs of the genus Theloderma Tschudi, 1838 are highly 
arboreal small- to large-sized rhacophorid frogs, which were 
traditionally grouped in one genus based on the presence 
of dorsal asperities or tuberculate dorsal skin (Liem, 1970; 
Rowley et al., 2011). However, recent studies have reported on 
several smooth species of rhacophorids that almost completely 
or totally lack dorsal asperities but are still assigned to 
Theloderma based on molecular data and reproductive biology 
(Nguyen et al., 2014; Orlov et al., 2012; Poyarkov et al., 2015). 
Thus, the taxonomy of Theloderma is in a current state of 
flux. Several studies have indicated a sister-clade relationship 
between Nyctixalus Boulenger, 1882 and Theloderma, with 
monophyly of the latter being poorly supported or not recovered 
(Dever et al., 2015; Dever, 2017; Rowley et al., 2011). 
Thus, Poyarkov et al. (2015) recognized Nyctixalus as a 
subgenus of Theloderma and assigned the Th.  stellatum 
Taylor, 1962-Th. horridum (Boulenger, 1903) species group 
to the subgenus Stelladerma Poyarkov, Orlov, Moiseeva, 
Pawangkhanant, Ruangsuwan, Vassilieva, Galoyan, Nguyen 
& Gogoleva, 2015. Subsequent studies with larger taxon 
and gene sampling (Nguyen et al., 2015; Sivongxay et al., 
2016) supported Nyctixalus as a sister clade with respect 
to Theloderma as well as monophyly of Theloderma and its 
subdivision into two highly divergent clades (corresponding 
to subgenera Theloderma and Stelladerma sensu Poyarkov 
et al., 2015). Theloderma moloch (Annandale, 1912), an 
enigmatic taxon whose phylogenetic position and assignment 
to Theloderma became uncertain due to sequences published 
by Li et al. (2009), was simultaneously rediscovered in Chinese 
and Indian regions of the Himalayas and shown to be a member 
of Theloderma s. str. (Hou et al., 2017; Lalronunga & 
Lalrinchhana, 2017; Li et al., 2016). In addition, Jiang et 
al. (2016) and Biju et al. (2016) concurrently demonstrated 
that sequences previously reported as “Th. moloch” by Li 
et al. (2009) actually corresponded to a distinct lineage of 
Rhacophoridae, representing new genus Nasutixalus Jiang, 
Yan, Wang & Che, 2016 (Jiang et al., 2016). The taxonomic 
position of Th. andersoni (Ahl, 1927) is also relatively unclear, 
with Hou et al. (2017) suggesting that this species might be 
a member of the genus Raorchestes Biju, Shouche, Dubois, 
Dutta & Bossuyt, 2010. Taking these reassignments and new 
species descriptions into consideration, a total of 25 species 
of Theloderma are recognized and distributed throughout 
Southeast Asia, from Assam in northeastern India to Myanmar, 


southern China and Indochina, the Malay Peninsula, and 
Sumatra and Borneo of the Greater Sunda Islands. New 
species in the genus continue to be discovered, with 13 
described in the last 15 years alone (Frost, 2018). 

During recent fieldwork in the montane forests of Tay Nguyen 
Plateau in central Vietnam, we encountered a small-sized 
rhacophorid species with a smooth dorsum. This tree frog 
was identified morphologically as a probable member of the 
genus Theloderma based on the presence of an intercalary 
cartilage between the terminal and penultimate phalanges 
of digits, a distinct tympanum, tips of the digits expanded 
into large disks bearing circummarginal grooves, absence of 
vomerine teeth, horizontal pupils, rounded canthus rostralis, 
terminal phalanx with a Y-shaped distal end, and the skin of 
the head not co-ossified to the skull (Liem, 1970; McLeod 
& Ahmad, 2007; Rowley et al., 2011). This species of frog 
was earlier reported by Orlov & Ananjeva (2007) and Orlov 
et al. (2012) as Theloderma laeve (Smith, 1924), a taxon 
described from the Langbian Plateau of southern Vietnam 
and originally assigned to the genus Philautus due to the 
presence of smooth skin on the dorsum and the lack of warts, 
tubercles, and asperities (Smith, 1924). Following examination 
of the holotype of Philautus laevis Smith, 1924, Poyarkov et 
al. (2015) demonstrated it to be conspecific to Theloderma 
bambusicolum Orlov, Poyarkov, Vassilieva, Ananjeva, Nguyen, 
Nguyen & Geissler, 2012 and confirmed its assignment to 
the genus Theloderma as Theloderma laeve (Smith, 1924). 
Consequently, the taxon previously identified as Th. laeve by 
Orlov et al. (2012) is not assigned to any currently recognized 
species of Theloderma. Close examination showed that this 
taxon can be easily distinguished from other known members 
of the genus Theloderma by a combination of several adult 
morphological characteristics. Molecular phylogenetic analysis 
of a 2 518-bp mtDNA fragment further indicated that this taxon 
is nested within the genus Theloderma with high support values 
and represents a sister species to 7h. palliatum Rowley, Le, 
Hoang, Dau & Cao, 2011. In the present paper we discuss the 
phylogenetic position and taxonomic affiliation of this frog and 
describe it as a new species. 


MATERIALS AND METHODS 


Sample collection 

Fieldwork was carried out in central Vietnam in May 2016 and 
May 2017. Specimens of Theloderma sp. were collected by 
hand in the montane evergreen tropical forests of Kon Ka Kinh 
National Park and Kon Chu Rang Nature Reserve, both in Gia Lai 
Province; and in Thac Nham Forest and Kon Plinh Forest, Mang 
Canh District, Kon Tum Province; Tay Nguyen Plateau, central 
Vietnam (Figure 1). Geographic coordinates and altitude were 
obtained using a Garmin GPSMAP 60CSx GPS receiver (USA) 
and recorded in datum WGS 84. Specimens were euthanized 
by 2096 benzocaine and tissue samples (femoral muscles) for 
genetic analysis were collected and stored in 9696 ethanol 
prior to specimen preservation. Specimens were subsequently 
preserved in 7096 ethanol and deposited in the herpetological 
collection of the Zoological Museum of Moscow State University 
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(ZMMU) in Moscow, Russia. Comparative materials examined 
are stored in the herpetological collections of ZMMU and the 
Zoological Institute R.A.S. (ZISP) in St. Petersburg, Russia. A 
list of examined specimens is given in Appendix l. 


Morphological description 
Specimens of Theloderma sp. were photographed in life and 





after preservation. Sex was determined by direct observation of 
calls and by examination of the nuptial pads in collected males. 
Measurements were taken using a digital caliper under a light 
dissecting microscope to the nearest 0.01 mm, subsequently 
rounded to 0.1 mm. Statistical analyses were performed with 
Statistica 8.0 (StatSoft, Inc., 2007). 


N 
WHEE 
S 


^ 


E Theloderma 
auratum Sp. nov. 


Th. palliatum 


Figure 1 Known distribution of Theloderma auratum sp. nov. and Th. palliatum in Vietnam 


Star denotes type locality of new species; dot in circle denotes type locality for previously described species. Locality information: 1: A Luoi, Thua Thien — Hue 


Prov.; 2: Kon Plinh, Kon Tum Prov.; 3: Thac Nham, Mang Canh, Kon Tum Prov.; 4: Kon Chu Rang N.R., Gia Lai Prov. (type locality of Theloderma auratum 


sp. nov.); 5: Kon Ka Kinh N.P., Gia Lai Prov.; 6: Chu Yang Sin N.P., Dak Lak Prov. (type locality of Theloderma chuyangsinense Orlov, Poyarkov, Vassilieva, 


Ananjeva, Nguyen, Nguyen & Geissler, 2012); 7: Hon Giao Mt., Bidoup — Nui Ba N.P., Lam Dong Prov. (type locality of Theloderma palliatum Rowley, Le, Hoang, 
Dau & Cao, 2011); 8: Bidoup Mt., Bidoup — Nui Ba N.P., Lam Dong Prov. Photos by Nikolay A. Poyarkov. 
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Adult morphology 


Morphometrics follow Orlov et al. (2012), Milto et al. (2013), 
and Poyarkov et al. (2015) and include the following 30 
measurements: (1) SVL (snout-vent length); (2) A-G (axilla to 
groin, distance from posterior base of forelimb at its emergence 
from body to anterior base of hind limb at its emergence from 
body); (3) HW (head width at greatest cranial width); (4) HL 
(head length from rear of lower jaw to tip of the snout); (5) HD 
(head depth, greatest transverse depth of head, taken beyond 
interorbital region); (6) UEW (upper eyelid width, greatest 
width of upper eyelids); (7) IOD (interorbital distance); (8) ED 
(horizontal diameter of eye); (9) TD (horizontal diameter of 
tympanum); (10) ESL (tip of snout-eye distance); (11) IND 
(internarial distance between nostrils); (12) END (eye to nostril 
distance from anterior corner of eye to nostril); (13) TED 
(tympanum-eye distance from anterior edge of tympanum to 
posterior corner of eye); (14) NS (distance from nostril to tip of 
snout); (15) FLL (length of forelimb from tip of disk of finger III 
to axilla); (16) LAL (forearm length, from elbow to base of outer 
palmar tubercle); (17) ML (hand length from tip of third digit to 
base of outer palmar tubercle); (18) FFL (first finger length); 
(19) TFL (third finger length); (20) FTD (maximal diameter 
of disk of finger III); (21) NPL (nuptial pad length, measured 
for males only); (22) MKTe (length of external metacarpal 
tubercle); (23) HLL (length of hindlimb from tip of disk of toe IV 
to groin); (24) FL (femur length); (25) TL (tibia length); (26) FOT 
(length of hindlimb from tip of disk of toe IV to posterior edge of 
tibia); (27) FTL (first toe length); (28) FFTL (fourth toe length); 
(29) HTD (diameter of fourth toe tip, greatest diameter of disk 


on fourth toe); (30) MTTi (length of internal metatarsal tubercle). 


Skin texture, dorsal coloration, ventral coloration, and presence 
of supratympanic folds, circummarginal grooves, dorsolateral 
folds, vomerine teeth, hind limb and forelimb webbing, and 
dorsal, lateral, and ventral coloration were recorded. Webbing 
formula follows Savage & Heyer (1997). 

Data and adult morphological characters chosen for 
comparison with other Theloderma species and allied taxa 
were taken from the following sources: Ahl (1927, 1931); 
Anderson (1879); Annandale (1912); Bain et al. (2009); 
Boulenger (1882, 1886, 1893, 1903); Bourret (1937, 1942); 
Chan & Ahmad (2009); Chan-ard (2003); Das et al. (2013); 
Das (2007); Dever et al. (2015); Dever (2017); Fei et al. (1990, 
2009, 2010); Hou et al. (2017); Inger (1954, 1966); Lalronunga 
& Lalrinchhana (2017); Li et al. (2011, 2016); Liem (1970); Liu 


& Hu (1962); Manthey & Grossmann (1997); Mathew & Sen. 


(2010); McLeod & Ahmad (2007); Nguyen et al. (2014); Orlov 
& Ananjeva (2007); Orlov & Ho (2005); Orlov et al. (2006, 2010, 
2012); Orlov (2007); Peters (1871); Poyarkov et al. (2015); 
Rowley et al. (2011); Sivongxay et al. (2016); Smith (1924, 
1926, 1930, 1931); Stuart & Heatwole (2004); Taylor (1920, 
1962); Von Tschudi (1838); Wolf (1936); Zhao & Adler (1993). 


Larval morphology 

Morphometric data and abbreviations for larval characters 
follow Altig & McDiarmid (1999), Altig (2007), Grosjean (2001), 
and Hendrix et al. (2007). Labial tooth row formulae (LTRF) 


follow Altig & McDiarmid (1999). Tadpoles were staged 
according to the tables of Gosner (1960). All measurements 
were taken on freshly preserved specimens. Tadpoles were 
euthanized with ethyl acetate and preserved in 7096 ethanol. The 
following 17 measurements were taken: (1) BH (maximum body 
height); (2) BL (body length); (3) BW (maximum body width); (4) 
ED (maximum diameter of eye); (b) NP (naro-pupilar distance); 
(6) IND (internarial distance, measured between centers of narial 
apertures); (7) IOD (interorbital distance); (8) ODW (oral disk 
width); (9) RN (rostro-narial distance); (10) SS (distance from tip 
of snout to spiracle opening); (11) LF (maximum height of lower 
tail fin); (12) MTH (maximum tail height); (13) TAL (tail length); 
(14) TL (total length); (15) TMH (height of tail musculature at 
base); (16) TMW (width of tail musculature at base); (17) UF 
(maximum height of upper tail fin). 


DNA isolation, PCR, and sequencing 

Total genomic DNA was extracted from the ethanol-preserved 
muscle tissues using standard phenol-chloroform extraction 
(Hillis et al., 1996). Total DNA concentration was estimated 
in 1 uL using a NanoDrop 2000 (Thermo Scientific, USA), and 
consequently adjusted to 100 ng DNA/uL. 

We amplified the mtDNA fragment consisting of partial 
sequences of 12S rRNA, tRNA"?, and 16S rRNA mtDNA 
genes. These markers were chosen due to their successful use 
in studies of Rhacophorid taxonomic diversity (Bain et al., 2009; 
Dever et al., 2015; Li et al., 2008, 2009, 2013; Meegaskumbura 
et al., 2015; Nguyen et al., 2014, 2015; Poyarkov et al., 2015; 
Rowley et al., 2011; Wilkinson & Drewes, 2000; Wilkinson et al., 
2002; Yu et al., 2007, 2008; and references therein). PCR was 
performed in 20-uL reactions using 50 ng of genomic DNA, 10 
nmol of each primer, 15 nmol of each dNTP, 50 nmol additional 
MgCl», Taq PCR buffer (10 mmol/L Tris-HCl, pH 8.3, 50 mmol/L 
KCI, 1.1 mmol/L MgCls, and 0.01% gelatin), and 1 U of Taq 
DNA polymerase. Primers used in PCR and sequencing were 
obtained from previous studies (Hedges, 1994; Li et al., 2008, 
2009; Wilkinson et al., 2002) and are summarized in Table 1. 
The PCR conditions for amplification of the 12S rRNA and 16S 
rRNA gene fragments followed those described in Poyarkov et 
al. (2015). 

PCR products were visualized by agarose electrophoresis 
in the presence of ethidium bromide and consequently purified 
using 2 uL from a 1:4 dilution of ExoSaplt (Amersham, UK) 
per 5 uL of PCR product prior to cycle sequencing. Sequence 
data collection and visualization were performed on an ABI 
3730xl automated sequencer (Applied Biosystems, USA) in 
Evrogen Inc., Moscow. The obtained sequences were aligned 
and deposited in GenBank under the accession numbers 
MG917762-MG917772 (Table 2). 


Phylogenetic analyses 

Sequences of the 12S rRNA, tRNA"?, and 16S rRNA mtDNA 
fragments from 135 Rhacophoridae specimens, including 122 
representatives of Theloderma (ca. 27 species), and 13 
sequences of outgroup members of Rhacophoridae (genera 
Rhacophorus, Nasutixalus, and Nyctixalus) were included 
in the final alignment with a total length of 2 518 bp. 
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Details on voucher specimens and GenBank accession Nos. 
used in phylogenetic analyses are summarized in Table 2. 
Nucleotide sequences were initially aligned using ClustalX 1.81 


Table 1 Primers used in this study 


(Thompson et al., 1997) with default parameters, and then 
checked by eye in BioEdit 7.0.5.2 (Hall, 1999) and MEGA 7.0 
(Kumar et al., 2016) and slightly adjusted. 





Forward primers 





F0001 
F0483 
F0937 
F1624 
16S-L-1 
16S-L2021 


5’-AGATACCCCACTATGCCTACCC-3’ 
5'-GAAGAGGCAAGTCGTAACATGG-3’ 
5'-TGGGATGATTTTCAAGTAG-3" 
5'-GTATCAACGGCATCACGAGGG-3' 
5'-CTGACCGTGCAAAGGTAGCGTAATCACT-3" 
5'-CCTACCGAGCTTAGTAATAGCTGGTT-3" 





Reverse primers 





R0483 
R1169 
R1624 
Rend 
16S-H-1 
16S-H2715 


5’-CCATGTTACGACTTGCCTCTTC-3’ 
5'-GTGGCTGCTTTTAGGCCCACT-3" 
5'-CCCTCGTGATGCCGTTGATAC-3' 
5'-GACCTGGATTACTCCGGTCTGA-3" 
5'-CTCCGGTCTGAACTCAGATCACGTAGG-3' 
5'-AAGCTCCATAGGGTCTTCTCGTC-3" 





Table 2 Sequences and voucher specimens of Theloderma and outgroup taxa used in this study 








No. Taxon Specimen ID GenBank accession No. Country Locality 

1 Rhacophorus schlegelii - NC007178 Japan Hiroshima 

2 Nasutixalus medogensis 6255Rao GQ285679 China Xizang: Motuo 

3 Nyctixalus margaritifer TNHCJAM 3030 EU178087 Indonesia Java 

4 Nyctixalus pictus FMNH 231095 DQ283133 Malaysia Sabah: Lahad Datu 
5 Nyctixalus pictus FMNH 231094 GQ204777; GQ204726 Malaysia - 

6 Nyctixalus pictus - AF215349 Malaysia - 

7 Nyctixalus pictus NMBE 1056413 JN705355; JN377342 Malaysia Sarawak: Batang Ai 
8 Nyctixalus pictus MVZ 239460 GQ204783; GQ204732 Indonesia — 

9 Nyctixalus pictus FMNH 231094-2 AF458135 Malaysia - 

10 Nyctixalus pictus = AF268255 Malaysia = 

11 Nyctixalus pictus AH07001 GU154888 Malaysia Sarawak: Gunung Mulu 
12 Nyctixalus spinosus pet trade KT461916 Philippines Mindanao 

13 Nyctixalus spinosus ACD 1043 DQ283114 Philippines Mindanao 

14 Theloderma albopunctatum KIZ 060821217 EF564522 China Guangxi: Jinxiu 

15 Theloderma albopunctatum KIZ 060821201 EF564521 China Yunnan: Jinping 

16 Theloderma albopunctatum |. NNMN J2916 KJ802913 Vietnam Vinh Phuc: Tam Dao 
17 Theloderma albopunctatum |. NNMN 3540 KJ802914 Vietnam Lao Cai: Sa Pa 

18 Theloderma albopunctatum 060821203Rao GQ285677 China Yunnan: Jinping 

19 Theloderma albopunctatum | asperum-1 KT461884 Vietnam Kon Tum: Kon Plong 
20 Theloderma albopunctatum | asperum-2 KT461908 Vietnam Kon Tum: Kon Plong 
21 Theloderma albopunctatum | asperum-3 KT461909 Vietnam Kon Tum: Kon Plong 
22 Theloderma albopunctatum | ZMMU NAP-03557  KT461910 Vietnam Hai Phong: Cat Ba 
23 Theloderma albopunctatum | ZMMU NAP-03566  KT461911 Vietnam Hai Phong: Cat Ba 
24 Theloderma albopunctatum | ZMMU NAP-03575 KT461912 Vietnam Hai Phong: Cat Ba 
25 Theloderma albopunctatum | HNO806100 GQ285678 China Hainan: Yinggeling 
26 Theloderma albopunctatum VNMN 4404 LC012854 Vietnam Kon Tum: Ngoc Linh 
27 Theloderma albopunctatum |. VNNMN 4405 LC012855 Vietnam Gia Lai: Kon Ka Kinh 
28 Theloderma albopunctatum VNMN 4406 LC012856 Vietnam Thanh Hoa: Xuan Lien 
29 Theloderma albopunctatum KUHE 23736 LC012858 Thailand Doi Changdao 

30 Theloderma albopunctatum | VNMN PAE262 LC012857 Vietnam Son La: Ta Sua 

31 Theloderma albopunctatum VNMN J2888 LC012853 Vietnam Vinh Phuc: Tam Dao 
32 Theloderma annae ZMMU NAP-05558 + MG917766 Vietnam Hoa Binh: Lac Son 
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Continued 








No. Taxon Specimen ID GenBank accession No. Country Locality 

33 Theloderma asperum ZRC 1.1.9321 GQ204725; GQ204776 Malaysia — 

34 Theloderma asperum pet trade KT461929 Malaysia Perak 

35 Theloderma auratum sp. nov. ZMMU A-5828 MG917767 Vietnam Gia Lai: Kon Ka Kinh 

36 Theloderma auratum sp. nov. ZMMU A-5829 MG917768 Vietnam Gia Lai: Kon Chu Rang 
37 Theloderma auratum sp. nov. ZMMU A-5830 MG917769 Vietnam Gia Lai: Kon Chu Rang 
38 Theloderma auratum sp. nov. ZMMU A-5881 MG917770 Vietnam Gia Lai: Kon Chu Rang 
39 Theloderma auratum sp. nov. ZMMU A-5832 MG917771 Vietnam Kon Tum: Thac Nham 
40 Theloderma auratum sp. nov. ZMMU NAP-06402-2 MG917772 Vietnam Kon Tum: Thac Nham 

41 Theloderma baibungense KIZ YPX37270 KU243080 China Medog, Tibet 

42 Theloderma bicolor VNMN 1394 JX046475 Vietnam Lao Cai: Sa Pa 

43 Theloderma bicolor bicolor-2 KT461923 Vietnam Ninh Binh: Cuc Phuong 
44 Theloderma bicolor bicolor-3 KT461891; KT461899 Vietnam Ninh Binh: Cuc Phuong 
45 Theloderma bicolor IEBR A.2011.4 JX046474 Vietnam Lao Cai: Sa Pa 

46 Theloderma bicolor VNMN 3536 KJ802915 Vietnam Lao Cai 

47 Theloderma corticale AMNH A161499 DQ283050 Vietnam Vinh Phuc: Tam Dao 

48 Theloderma corticale IEBR 3267 JX046477 Vietnam Vinh Phuc: Tam Dao 

49 Theloderma corticale corticale-1 KT461885 Vietnam Ninh Binh: Cuc Phuong 
50 Theloderma corticale corticale-2 KT461886 Vietnam Ninh Binh: Cuc Phuong 
51 Theloderma corticale IEBR E193.15 JX046476 Vietnam Vinh Phuc: Tam Dao 

52 Theloderma corticale VNMN J2892 KJ802916 Vietnam Tuyen Quang 

53 Theloderma corticale VNMN J2932 KJ802917 Vietnam Vinh Phuc: Tam Dao 

54 Theloderma corticale JXDYS2015042501 KY290395 China Guangxi: Jinxiu 

55 Theloderma corticale VNMN 3556 LC012841 Vietnam Vinh Phuc: Tam Dao 

56 Theloderma corticale ZMMU NAP-06328 MG917764 Vietnam Vinh Phuc: Tam Dao 

57 Theloderma corticale ZMMU NAP-05936 MG917765 Vietnam Ha Tinh: Ke Go 

58 Theloderma gordoni VNMN 03013 JN688167 Vietnam Nghe An 

59 Theloderma gordoni VNMN PAE217 KJ802918 Vietnam Son La 

60 Theloderma gordoni KUHE 32447 KJ802919 Laos Houaphan 

61 Theloderma gordoni VNMN 4407 LC012852 Vietnam Kon Tum: Ngoc Linh 

62 Theloderma horridum LJT W44 KC465843 Malaysia — 

63 Theloderma horridum LUT W45 KC465842 Malaysia — 

64 Theloderma horridum ZMMU NAP-04015 KT461890 Thailand Satun: Tha Le Ban 

65 Theloderma horridum KUHE 52582 LC012861 Malaysia Negeri Sembilan, Kenaboi 
66 Theloderma lacustrinum NCSM84682 KX095245 Laos Vientiane: Feuang, Nam Lik 
67 Theloderma lacustrinum NCSM84683 KX095246 Laos Vientiane: Feuang, Nam Lik 
68 Theloderma laeve ZMMU NAP-01640 KT461928 Vietnam Lam Dong: Cat Loc 

69 Theloderma laeve ZMMU NAP-01644 KT461907 Vietnam Lam Dong: Cat Loc 

70 Theloderma laeve ZMMU NAP-01645 KT461913 Vietnam Lam Dong: Cat Loc 

71 Theloderma laeve ZMMU NAP-02906 KT461883 Vietnam Binh Phuoc: Bu Gia Map 
72 Theloderma laeve ZMMU NAP-02907 KT461905 Vietnam Binh Phuoc: Bu Gia Map 
73 Theloderma laeve ZMMU NAP-02908 KT461906 Vietnam Binh Phuoc: Bu Gia Map 
74 Theloderma laeve ZMMU NAP-03383 KT461892; KT461900 Vietnam Lam Dong: Bao Loc 

75 Theloderma laeve ZMMU NAP-03408 KT461897; KT461898 Vietnam Lam Dong: Bao Loc 

76 Theloderma laeve ZMMU NAP-03409 KT461920 Vietnam Lam Dong: Bao Loc 

77 Theloderma lateriticum VNMN 1216 LC012851 Vietnam Bac Giang: Yen Tu 

78 Theloderma lateriticum VNMN 1215 LC012850 Vietnam Bac Giang: Yen Tu 

79 Theloderma lateriticum AMNH 168757 LC012848 Vietnam Lao Cai: Sa Pa 

80 Theloderma lateriticum VNMN PAE 226 LC012849 Vietnam Son La: Ta Sua 

81 Theloderma leporosum LUT W46 KC465841 Malaysia — 

82 Theloderma leporosum leporosum-1 KT461922 Malaysia Selangor 

83 Theloderma leporosum KUHE 52581 AB847128 Malaysia Negeri Sembilan 

84 Theloderma licin KUHE 52599 KJ802920 Malaysia Selangor 
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No. Taxon Specimen ID GenBank accession No. Country Locality 
85 Theloderma licin KUHE 19426 LC012859 Thailand Nakon Sri Tamarat 
86 Theloderma moloch KIZ YPX31941 KU243081 China Medog, Tibet 
87 Theloderma nebulosum ROM 39588 KT461887 Vietnam Kon Tum: Ngoc Linh 
88 Theloderma nebulosum AMS R 173409 JN688168 Vietnam Kon Tum: Ngoc Linh 
89 Theloderma nebulosum UNS00141 JN688169 Vietnam Kon Tum: Ngoc Linh 
90 Theloderma nebulosum VNMN 39588 LC012845 Vietnam Kon Tum: Ngoc Linh 
91 Theloderma palliatum ZMMU NAP-02757 KT461896; KT461904 Vietnam Dak Lak: Chu Yang Sin 
92 Theloderma palliatum ZMMU NAP-02756 KT461930 Vietnam Dak Lak: Chu Yang Sin 
93 Theloderma palliatum ZMMU NAP-02735 KT461926 Vietnam Dak Lak: Chu Yang Sin 
94 Theloderma palliatum ZMMU NAP-02736 KT461927 Vietnam Dak Lak: Chu Yang Sin 
95 Theloderma palliatum ZMMU NAP-02735 LC012843 Vietnam Dak Lak: Chu Yang Sin 
96 Theloderma palliatum ZMMU NAP-02736 LC012844 Vietnam Dak Lak: Chu Yang Sin 
97 Theloderma palliatum AMS R 173130 JN688172 Vietnam Lam Dong: Bi Doup — Nui Ba 
98 Theloderma palliatum ZMMU NAP-01846 KT461893; KT461901 Vietnam Lam Dong: Bi Doup — Nui Ba 
99 Theloderma palliatum ZMMU NAP-02511 KT461894; KT461902 Vietnam Lam Dong: Bi Doup — Nui Ba 
100 Theloderma palliatum ZMMU NAP-02516 KT461895; KT461903 Vietnam L9" Dong: Bi 
Doup — Nui Ba 
101 Theloderma petilum HNUE MNA.2012.0001 KJ802925 Vietnam Dien Bien: Muong Nhe 
102 Theloderma phrynoderma CAS 247910 KJ128281 Myanmar  Tanintharyi 
103  Theloderma phrynoderma CAS 243920 KJ128280 Myanmar  Tanintharyi 
104 Theloderma pyaukkya A CAS 234857 KU244371 Myanmar Chin 
105  Theloderma pyaukkya A CAS 234869 KU244370 Myanmar Chin 
106 Theloderma pyaukkya B CAS 236133 KU244360 Myanmar  Kachin 
107 Theloderma pyaukkya B CAS 226113 KU244361 Myanmar Kachin 
108 Theloderma rhododiscus AMNH A163892; A163893 DQ283392; DQ283393 Vietnam Ha Giang: Tay Con Linh 
109  Theloderma rhododiscus KIZ060821063 EF564533 China Guangxi: Jinxiu 
110 Theloderma rhododiscus KIZ060821 170 EF564534 China Guangxi: Jinxiu 
111  Theloderma rhododiscus SCUM 061102L EU215530 China Guangxi: Dayaoshan 
112 Theloderma rhododiscus CIB GX200807048 KJ802921 China Guangxi 
113 Theloderma rhododiscus CIB GX200807017 LC012842 China Guangxi 
114 Theloderma ryabovi ryabovi-1 KT461914 Vietnam Kon-um: Kon 
Plong: Mang Canh 
; . : Kon Tum: Kon 
115 Theloderma ryabovi ryabovi-2 KT461915 Vietnam 
Plong: Mang Canh 
116  Theloderma ryabovi VNMN 3924 LC012860 Vietnam COMITE Kon 
Plong: Mang Canh 
117  Theloderma stellatum stellatum-1 KT461918 Thailand | Chanthaburi: Phliu 
118  Theloderma stellatum ZMMU NAP-03961 KT461917 Thailana, Nakhon Nayok; 
Nang Rong 
119 Theloderma truongsonense ROM 39363 KT461925 Vietnam Quang Binh: Phong 
Nha — Ke Bang 
120 Theloderma truongsonense ZMMU ABV-00301 KT461882 Vietnam Khanh Hoa: Hon Ba 
121 Theloderma truongsonense ZMMU ABV-00319 KT461924 Vietnam Khanh Hoa: Hon Ba 
122 Theloderma truongsonense AMS R 171510 JN688174 Vietnam Quang Nam 
123 Theloderma truongsonense VNMN 4402 LC012847 Vietnam Khanh Hoa: Hon Ba 
124 Theloderma truongsonense ZMMU NAP-07142 MG917762 Vietnam Gia Lai: Kon Ka Kinh 
125 Theloderma truongsonense ZMMU NAP-07143 MG917763 Vietnam Gia Lai: Kon Ka Kinh 
126 Theloderma vietnamense VNMN 3686 KJ802922 Vietnam Phu Yen 
127  Theloderma vietnamense VNMN 3687 KJ802923 Vietnam Phu Yen 
128 Theloderma vietnamense ZMMU NAP-00707 KT461889 Vietnam Dong Nai: Nam Cat Tien 
129  Theloderma vietnamense ZMMU NAP-03680 KT461921 Vietnam Tay Ninh: Lo Go - Xa Mat 
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Continued 








No. Taxon Specimen ID GenBank accession No. Country Locality 
130 Theloderma vietnamense ZMMU NAP-03723 KT461919 Vietnam Kien Giang: Phu Quoc 
131 Theloderma vietnamense ZMMU NAP-03724 KT461888 Vietnam Kien Giang: Phu Quoc 
132 Theloderma vietnamense AMS R 173283 JN688170 Vietnam Binh Thuan 
133 Theloderma vietnamense AMS R 174047 JN688171 Cambodia Mondol Kiri 
134 Theloderma vietnamense KUHE 22056 LC012862 Thailand MaeYom 
135 Theloderma sp. VNMN 4403 LC012846 Vietnam Gia Lai: Mang Yang 
—: Not available. 


The dataset was divided into three partitions, 12S rRNA, 
tRNA"?, and 16S rRNA, with the optimal evolutionary models 
then estimated using MODELTEST v.3.06 (Posada & Crandall, 
1998). For the 12S and 16S rRNA partitions, the best-fitting 
model according to the Akaike information criterion (AIC) was 
the HKY+I+G model; whereas for the tRNA‘?! partition, the 
Kimura 2-parameter model (+G+l) was selected as the one 
of best fit. Mean uncorrected genetic distances (P-distances) 
between sequences were determined with MEGA 7.0 (Kumar 
et al., 2016). 

Matrilineal genealogy was inferred using Bayesian inference 
(BI) and maximum likelihood (ML) algorithms. The BI analyses 
were conducted in MrBayes 3.1.2 (Huelsenbeck & Ronquist, 
2001; Ronquist & Huelsenbeck, 2003). Metropolis-coupled 
Markov chain Monte Carlo (MCMCMC) analyses were run 
with one cold chain and three heated chains for ten million 
generations and sampled every 1 000 generations. Five 
independent MCMCMC runs were performed and 1 000 trees 
were discarded as burn-in. Confidence in tree topology was 
tested by posterior probability (PP) for Bayesian inference 
(BI) trees (Huelsenbeck & Ronquist, 2001). Nodes with 
posterior probability values over 0.95 were a priori regarded 
as sufficiently resolved, whereas those between 0.95 and 0.90 
were regarded as tendencies, and those below 0.90 were 
considered as unsupported. 

The ML analyses were conducted using Treefinder (Jobb 
et al., 2004) and confidence in node topology was tested by 
non-parametric bootstrapping with 1 000 replicates (ML BS, 
see Felsenstein, 1985). We a priori regarded tree nodes with 
bootstrap (ML BS) values of 70% or greater and Bayesian 
posterior probabilities (BI PP) values over 0.95 as sufficiently 
resolved; ML BS values between 70% and 50% (BI PP between 
0.95 and 0.90) were treated as tendencies and nodes with ML 
BS values below 50% (BI PP below 0.90) were regarded as 
unresolved (Felsenstein, 2004; Huelsenbeck & Hillis, 1993). 


Acoustic analyses 

Advertisement calls of the Theloderma sp. were recorded 
in habitat in Kon Chu Rang Nature Reserve, Gia Lai 
Province, Tay Nguyen Plateau, Vietnam (N14°30/19.7”, 
E108*32/30.0"; 950 m asl.) on 26 May 2016 from 
0224 h to 0300 h at an ambient temperature of 21.5 °C 
(temperature was measured at the calling site immediately 
after recording with a digital thermometer KTJ TA218A Digital 
LCD Thermometer-Hydrometer) using a portable digital audio 


recorder Zoom h5 (ZOOM Corporation, Tokyo, Japan) in stereo 
mode with 48 kHz sampling frequency and 16-bit precision. 
In total, two recordings from two males (ZMMU A-5828 and 
A-5829) were made. 

Calls were analyzed using Avisoft SASLab Pro software 
v.5.2.05 (Avisoft Bioacoustics, Germany). Before analysis, 
we reduced background noise using low-pass (up to 500 Hz) 
and high-pass filters (down to 7 kHz). All parameters were 
measured in the spectrogram window of Avisoft. Spectrograms 
were created under Hamming window, FFT-length 1 024 points, 
frame 7596, and overlap 87.596. For figure spectrograms, we 
lowered the sampling rate to 22.05 kHz. Figure spectrograms 
were created under Hamming window, FFT-length 512 points, 
frame 100%, and overlap 50%. In total, we measured 214 
Theloderma sp. calls. 

We measured four temporal parameters (duration of each 
call and series and interval between successive calls and 
series) and three frequency parameters (initial and final 
fundamental frequency and frequency of maximum amplitude). 
We also calculated the call repetition rate (calls/s) by counting 
the number of calls within each series, minus one, and dividing 
that number by the series duration. All numeral parameters are 
given as means+SE, and the minimum and maximum values 
are given in parentheses (min—max). 


RESULTS 


Phylogenetic analyses 

Sequences and statistics 

The final alignment contained 2 518 aligned characters, 
with 1 090 conserved sites and 1 395 variable sites, of 
which 1 170 were found to be parsimony-informative. The 
transition-transversion bias (R) was 2.372 (data given for 
ingroup only). Nucleotide frequencies were 30.10% (A), 
20.18% (T/U), 27.40% (C), and 22.31% (G). 


Position of Theloderma sp. in matrilineal genealogy 

The phylogenetic analyses results are presented in Figure 2. 
The ML and BI phylogenetic analyses resulted in essentially 
similar topologies. In general, the BI cladogram topology was 
consistent with results reported in previous work (Nguyen et 
al., 2015; Sivongxay et al., 2016), suggesting monophyly of the 
clade joining Nyctixalus and Theloderma (node support values 
1.0/100, hereafter given for BI PP/ML BS, respectively) and 
monophyly of Theloderma, though only with moderate support 
(0.90/85). 
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Figure 2 Bayesian inference dendrogram of Theloderma and its relatives derived from analysis of 2 518-bp length 12SrRNA - 16S 


rRNA mtDNA gene fragments 


Numbers of specimens (No. 1—135), corresponding voucher specimen information and GenBank accession numbers are given in Table 2. BI PP/ML BS support 


values are given only for resolved nodes. Highly supported nodes are marked with black circles (PP node support >0.95), grey circles indicate moderately 


supported nodes (0.90<PP<0.95), and white circles indicate unsupported nodes (PP«0.90). Photo by Nikolay A. Poyarkov. 
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The genus  Theloderma was divided into two 
strongly-supported major clades: Clade | (1.0/100), joining Th. 
stellatum, Th. Horridum, and Th. vietnamense Poyarkov, Orlov, 
Moiseeva, Pawangkhanant, Ruangsuwan, Vassilieva, Galoyan, 
Nguyen & Gogoleva, 2015 (corresponding to the subgenus 
Stelladerma) and Clade Il (1.0/90), joining all remaining 
species of the genus (subgenus Theloderma s.str.) (Figure 2). 
Clade II was further subdivided into subclade II-A (Sundaland, 
Indochina, eastern Himalayas, southern China; 1.0/96) and 
subclade II-B (Indochinese species; 1.0/85). 

Subclade II-A joined two species groups: the Th. moloch 
group consisting of large-sized warty species from Indochina 
and the eastern Himalayas (i.e., Th. moloch, Th. phrynoderma 
(Ahl, 1927), and Th. ryabovi Orlov, Dutta, Ghate & Kent, 2006; 
1.0/100)) and the Th. asperum group consisting of medium 
to small-sized species with contrasting black and white dorsal 
coloration (i.e., Th. asperum (Boulenger, 1886), Th. pyaukkya 
Dever, 2017, Th. baibungense (Jiang, Fei & Huang, 2009), Th. 
licin McLeod & Ahmad, 2007, Th. petilum (Stuart & Heatwole, 
2004), and Th. albopunctatum (Liu & Hu, 1962); 1.0/100)). 
Our data strongly suggested paraphyly of Th. pyaukkya with 
respect to 7h. baibungense, with the former subdivided into two 
divergent lineages from northern and central Myanmar (A and 
B, see Figure 2) with poorly resolved genealogical relationships. 
Furthermore, Th. albopunctatum represents a species complex 
with at least four divergent lineages with unclear geographic 
structuring (see Figure 2, Table 2). 

Phylogenetic relationships within subclade II-B were 
essentially unresolved (Figure 2), though the following 
species groups were supported: Th. /eporosum group 
(joining Th.  leporosum Tschudi, 1838 and Th. gordoni 
Taylor, 1962; 1.0/100), Th. lateriticum group (including Th. 
lateriticum Bain, Nguyen & Doan, 2009 and Th. lacustrinum 
Sivongxay, Davankham, Phimmachak, Phoumixay & Stuart, 
2016; 1.0/100), Th. laeve group (including Th. laeve, Th. 
truongsonense (Orlov & Ho, 2005), Th. nebulosum Rowley, 
Le, Hoang, Dau & Cao, 2011, and Th. annae Nguyen, Pham, 
Nguyen, Ngo & Ziegler, 2016; 1.0/100), and Th. corticale group 
(joining Th. corticale (Boulenger, 1903), Th. bicolor (Bourret, 
1937), Th. rhododiscus (Liu & Hu, 1962), Th. palliatum, and 
Theloderma sp. from the Tay Nguyen Plateau; 0.99/94). A 
single specimen (VNMN 4403) from Gia Lai Province identified 
as Th. laeve by Nguyen et al. (2015) was grouped with samples 
of Th. laeve s. str. from southern Vietnam with high support 
(1.0/95) but represented a clearly distinct genealogical lineage 
and was identified as Theloderma sp. in the present paper. 

The Theloderma sp. from Tay Nguyen Plateau was 
recovered as a sister species of Th. palliatum, which inhabits 
the montane forests of Langbian Plateau, with strong node 
support (1.0/100) (Figure 2); however, no clear structuring was 
observed within the Theloderma sp. clade. 


Sequence divergence 

The uncorrected P-distances among and within the studied 
2 518-bp mtDNA fragments for the examined Theloderma 
species are shown in Table 3 (data given for the ingroup only). 
The interspecific uncorrected genetic P-distances between the 


Theloderma sp. from Tay Nguyen Plateau and other congeners 
varied from 8.996 (between Theloderma sp. and sister species 
Th. palliatum) to 17.996 (between Theloderma sp. and Th. 
laeve) (Table 3). This degree of pairwise divergence was 
high, notably greater than the genetic divergence thresholds 
representing species level differentiation in frogs (Vences et al., 
2005a, 2005b; Vieites et al., 2009). 


Taxonomy 

Based on the phylogenetic analyses of the 2 518-bp length 
128 rRNA and 16S rRNA mtDNA fragment sequences, the 
examined specimens of Theloderma sp. from Tay Nguyen 
Plateau in central Vietnam represented a highly divergent 
mtDNA lineage, clearly distinct from all other Theloderma 
species for which comparable mtDNA sequences are available 
(Figure 2), and a sister species of Th. palliatum from Langbian 
Plateau of southern Vietnam. The observed differences 
in mtDNA sequences were congruent with evidence from 
the diagnostic morphological characters (see "Comparisons"). 
These results support our hypothesis that the small-sized 
"smooth" Theloderma sp. from Tay Nguyen Plateau represents 
a previously unknown species, which we describe herein. 


Theloderma auratum sp. nov. 
Tables 4, 5; Figures 3-8. 


Holotype: ZMMU A-5828 (field number NAP-06351), adult 
male from montane evergreen tropical forest in Kon Chu 
Rang Nature Reserve, Gia Lai Province, Tay Nguyen Plateau, 
central Vietnam (N14*30'19.7'/, E108 °32’30.0’’; elevation 950 
m a.s.l.), collected when calling from bush leaves ca. 40 cm 
above the ground on 26 May 2016 at 0235 h by Nikolay A. 
Poyarkov. 


Paratypes: ZMMU A-5829 (field number NAP-06352) and 
ZMMU A-5830 (field number NAP-06353), two adult males 
from the same locality and with the same collection information 
as the holotype; ZMMU A-5831 (field number NAP-06354), 
adult male from montane evergreen tropical forest in Kon Ka 
Kinh National Park, Gia Lai Province, Tay Nguyen Plateau, 
central Vietnam (N14?13/02.8", E108?19'53.3"; elevation 1 
420 m a.s.l.), collected ca. 1 m above the ground from 
vegetation on 12 May 2016 at 2300 h by Nikolay A. Poyarkov; 
ZMMU A-5832 (field number NAP-06402), adult male from 
montane evergreen tropical forest in Thac Nham Forest, Kon 
Plong District, Mang Canh Commune, Kon Tum Province, 
Tay Nguyen Plateau, Vietnam (N14?43'32.4"", E108?18'04.5''; 
elevation 1 230 m a.s.l.), collected ca. 30 cm above the 
ground from vegetation on 5 June 2016 at 2000 h by Nikolay 
A. Poyarkov. 


Referred specimens: ZISP 13422-13426, five tadpoles 
(Gosner stages 29-36) born and reared in captive laboratory 
conditions from adult specimens collected from montane 
evergreen tropical forest in Kon Plinh Village, Kon Plong District, 
Kon Tum Province, Tay Nguyen Plateau, Vietnam; elevation ca. 
1 000 m a.s.l.) in June 2014 by Ivan I. Kropachev and Nikolai L. 
Orlov. 
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Table 3 Uncorrected P-distance (percentage) between 12S rRNA - 16S rRNA 2 524 bp fragment sequences of Theloderma species included in phylogenetic analyses (below the 
diagonal) and standard error estimates (above the diagonal) 








Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 2 21 22 23 24 25 26 
1 Th. albopunctatum 25 20 17 19 19 19 21 20 21 19 19 18 20 16 15 20 21 17 20 17 19 18 22 17 20 18 
2 Th. annae 171 — 24 18 19 17 17 17 19 18 21 17 16 19 19 14 19 21 20 17 17 18 18 17 18 18 
3 Th. asperum 12.1 17.6 0.0 21 16 18 18 18 22 19 19 18 19 18 17 17 21 18 19 15 20 18 23 17 20 1.6 
4 Th. auratum sp. nov. 13.9 14.8 15.1 04 20 18 17 15 21 16 19 18 18 21 19 19 17 19 20 19 15 17 20 16 19 19 
5 Th. baibungense 11.5 15.5 81 151 — 17 17 16 18 17 20 17 19 17 18 17 18 18 18 11 19 18 20 17 20 18 
6 Th. bicolor 12.7 12.2 13.0 92 130 03 13 15 19 15 21 14 #15 19 15 17 17 18 19 16 14 18 21 15 19 18 
7 Th. corticale 15.2 12.6 13.8 99 135 61 07 14 21 18 19 15 14 20 16 15 16 21 18 17 15 16 21 16 16 16 
8 Th. gordoni 140 143 141 11.9 111 95 106 33 19 15 20 15 13 19 15 15 18 18 18 15 15 15 20 17 20 17 
9 Th. horridum 18.3 18.4 183 16.3 18.0 140 15.0 157 06 18 23 18 18 19 19 22 22 19 20 17 18 19 17 18 16 21 
10 Th. lacustrinum 14.4 122 149 10.8 142 84 11.3 11.9 147 00 21 12 17 18 16 17 18 20 21 #16 14 18 18 17 19 19 
11 Th. laeve 13.8 17.1 15.6 17.9 155 16.6 16.4 158 210 166 11 22 22 18 20 18 21 22 17 18 20 15 23 16 22 16 
12 Th. lateriticum 156 128 17.2 12.5 14.7 91 110 13.7 156 67 165 36 14 18 15 17 16 19 21 #16 16 19 18 17 19 18 
13 Th. leporosum 13.8 13.9 142 11.1 115 79 86 83 153 108 158 111 00 19 14 17 19 20 18 17 17 18 22 16 19 1.6 
14 Th. licin 11.2 16.6 11.2 14.7 11.7 12.1 142 15.1 17.0 13.7 164 151 142 34 #18 19 21 17 21 16 18 17 21 17 19 19 
15 Th. moloch 77 #95 68 90 77 65 83 77 124 7.7 113 88 64 84 — 16 17 19 16 14 15 14 23 15 21 17 
16 Th. nebulosum 163 11.1 14.0 11.3 13.5 10.1 106 128 18.2 13.2 12.9 12.1 11.1 143 91 17 20 21 17 14 17 18 23 14 21 15 
17 Th. palliatum 14.9 14.9 15.4 89 13.6 77 92 12.2 16.2 11.1 18.5 10.6 11.3 15.5 95 13.6 09 20 23 17 17 19 22 19 22 19 
18 Th. petilum 96 16.6 122 142 98 123 153 133 164 146 143 145 125 120 7.3 153 153 — 21 16 19 21 20 18 20 22 
19 Th. phrynoderma 11.6 12.8 11.3 12.8 11.7 12.2 11.4 11.6 17.7 15.1 12.5 159 98 132 59 11.1 145 125 41.1 #15 20 14 24 #16 20 17 
20 Th. pyaukkya 11.1 143 285 140 54 104 13.2 11.3 17.4 12.6 14.7 13.9 11.1 10.0 64 122 123 99 102 39 17 17 20 15 19 16 
21 Th. rhododiscus 13.7 15.3 130 98 126 84 10.7 10.0 146 10.0 15.3 11.8 10.1 13.4 62 132 106 12.7 148 110 12 16 21 15 20 18 
22 Th.ryabovi 144 16.6 142 14.1 134 13.9 13.5 13.0 198 141 126 15.7 13.2 141 64 141 15.31 145 93 116 124 25 22 17 21 16 
23 Th. stellatum 18.4 17.2 18.6 16.5 18.9 14.7 150 18.1 95 155 21.7 162 169 17.8 13.2 18.4 16.2 16.9 20.5 18.2 15.4 221 00 19 16 22 
24 Th. truongsonense 15.1 12.6 13.8 13.4 15.1 11.7 13.0 146 17.7 12.0 12.8 13.7 134 15.3 8.6 105 15.0 14.7 11.9 138 13.4 149 162 38 19 1.5 
25 Th. vietnamense 17.4 154 18.2 15.2 18.2 13.1 126 15.7 10.6 145 194 15.2 15.0 16.7 124 16.7 15.8 17.4 19.3 17.1 145 194 97 158 16 2.0 
26 Theloderma sp. 12.7 124 124 13.4 128 11.4 11.9 12.1 18.0 124 90 124 10.7 138 69 83 141 142 9.7 11.0 121 10.6 183 89 163 — 

—: Not available. 
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Diagnosis: The new species was assigned to the genus 
Theloderma by its (1) distinct tympanum, (2) terminal phalanx 
with Y-shaped distal end, (3) intercalary cartilage between 
terminal and penultimate phalanges of digits, (4) tips of digits 
expanded into large disks bearing circummarginal grooves, (5) 
head skin not co-ossified to skull (Liem, 1970; Nguyen et 
al., 2015; Poyarkov et al., 2015; Rowley et al., 2011), and 
molecular data (Figure 2). Theloderma auratum sp. nov. is 
distinguished from all other Theloderma by a combination of the 
following morphological attributes: (1) absence of bony ridges 
from canthus rostralis to occiput; (2) completely smooth skin 
on dorsum lacking calcified warts or asperities; (3) pointed 
elongated tapering snout with distinct rounded canthus rostralis, 
nostrils dorsolateral, not protuberant; (4) vocal opening in 
males absent; (5) vomerine teeth absent; (6) small body size 
in males (SVL 21.8—26.4 mm); (7) head longer than wide, 
head width to head length ratio 7896—8496; eye diameter to 
SVL ratio 1395-1596; snout length to SVL ratio 1696—2096; 
(8) comparatively small tympanum: tympanum diameter half 
of eye diameter (TD/EL ratio 50%—-60%), tympanum with few 
tiny tubercles; (9) supratympanic fold absent; (10) ventral 
surfaces completely smooth; (11) webbing between fingers 
absent; (12) external and internal metacarpal tubercles present, 
supernumerary metacarpal tubercle single, medial, and oval 
in shape; (13) toes half-webbed, toe-webbing formula: | 
2-214 Il 1%2-2% Ill 2-3% IV 3-1%V; (14) inner metatarsal 
tubercle present, oval; outer metatarsal tubercle absent; (15) iris 
bicolored, golden-orange dorsally, black with copper-red flecks 
ventrally with a wide black longitudinal stripe running medially, 
incorporating black pupil; (16) dorsal surfaces golden-yellow 
with sparse golden-orange speckling or reticulations and few 
small dark-brown spots (usually located at mid-dorsum, on upper 
eyelids, snout tip, and sacral area); (17) lateral sides of head and 
body with wide dark reddish-brown to black lateral stripes, clearly 
separated from lighter dorsal coloration by straight contrasting 
edge; (18) ventral surfaces of body, throat, and chest greyish-blue 
with indistinct brown confluent blotches; (19) upper eyelids with 
few (3-5) very small flat reddish superciliary tubercles; (20) limbs 


dorsally reddish-brown, ventrally brown with small bluish-white 
speckles. 

The new species is also markedly distinct from all congeners 
for which comparable sequences of the 2 518-bp length 12S 
rRNA to 16S rRNA mitochondrial DNA fragments are available 
(uncorrected genetic distance P>8.9%). 


Description of holotype: Small-sized rhacophorid frog 
specimen in a good state of preservation; body slender, 
dorsoventrally compressed (Figure 3). Skin on ventral surface 
of left femur of holotype medially dissected 5 mm, with femoral 
muscles (partial) removed for molecular genetic analyses. 
Measurements of holotype are given in Table 4 (in mm). 


Head: Head much longer than wide (HW/HL 83%), quite deep 
(HD/HL 42%), moderately flattened; dorsally smooth with skin 
not co-ossified to skull, lacking calcified warts, asperities, or 
sculpturing; snout long (ESL/HL 45%) and tapering, snout 
tip pointed in dorsal view (Figure 3A), rounded in profile 
(Figure 3D), snout notably projecting beyond margin of lower 
jaw (Figure 3D); nostril ovoid, not protuberant (Figure 3D), 
oriented dorsolaterally, located much closer to tip of snout 
than to eye (END/ESL 69%) (Figure 3D); canthus rostralis 
distinct, rounded; loreal region slightly concave; eyes large 
(ED/HL 36%), eye diameter less than snout length (ED/ESL 
78%), notably protuberant in dorsal view (Figure 3A) and 
profile (Figure 3D), pupil horizontal, ovoid (Figure 3D; Figure 
4); tympanum distinct and rounded, with vertical tympanum 
diameter equal to horizontal (TD) diameter (ratio 1.0); tympanic 
rim distinct, slightly elevated above skin of temporal region 
(Figure 3D), tympanum comparatively small comprising half 
of eye diameter (TD/ED 53%), located close to eye (TED/ED 
22%); pineal ocellus absent; vomerine teeth absent; choanae 
ovoid, almost hidden under margins of mouth roof; vocal sac 
openings not discernable; tongue wide, spatulate, attached 
anteriorly with free posterior end, with no distinct notch at 
posterior end; supratympanic fold indistinct, smooth (Figure 3D, 
Figure 4). 


Table 4 Measurements of the type series of Theloderma auratum sp. nov. (all in mm) 














Specimen ID Sex SVL A-G HW HL HD UEW IOD ED TD ESL IND END TED NS FLL 
ZMMU A-5828 holotype M 25.1 119 79 95 4.0 2.2 3.0 34 18 43 23 3.0 0.8 18 127 
ZMMU A-5829 paratype M 25.8 119 81 104 42 2.3 2.9 33 20 47 24 28 0.8 2.0 141 
ZMMU A-5830 paratype M 25.7 11.8 80 102 4.1 2.5 3.1 34 19 47 23 28 0.7 1.7. 187 
ZMMU A-5831 paratype M 21.8 112 7.7 92 3.6 2.1 3.0 32 17 43 23 28 0.6 19 124 
ZMMU A-5832 paratype M 261 123 82 102 4.3 2.2 3.1 34 20 46 24 239 0.7 17 145 
LAL ML FFL TFL FTD NPL MCTe HLL FL TL FOT FTL FFTL HTD MTTi 
ZMMU A-5828 holotype M 56 68 24 50 13 1.1 0.8 400 11.9 13.7 11.0 1.3 54 1.2 1.1 
ZMMU A-5829 paratype M 57 75 23 48 1.4 1.9 0.8 41.5 123 141 109 1.4 54 1.3 1.3 
ZMMU A-5830 paratype M 48 67 22 48 13 1.4 06 400 124 143 10.7 1.4 5.4 1.2 1.0 
ZMMU A-5831 paratype M 50 62 23 44 1.3 1.1 0.7 36.1 11.0 125 104 1.6 5.3 1.0 1.1 
ZMMU A-5832 paratype M 58 69 23 49 1.2 1.5 08 39.1 11.9 141 10.7 1.3 5.4 0.9 1.1 


For abbreviations, see "Materials and methods". 
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Figure 3 Male holotype of Theloderma auratum sp. nov. (ZMMU A-5828) in life (ex situ) 


A: Dorsal view; B: Ventral view; C: Volar view of left hand; D: Lateral view of head; E: Plantar view of left foot. Photos by Nikolay A. Poyarkov. 


Forelimbs: Forelimbs thin, slender; relative finger lengths: 


I<Il<IV<Ill; tips of all fingers with well-developed disks with 
distinct circummarginal grooves (Figure 3C), disks two times 
wider than finger widths (third finger disk width (FTD) 205% 
of third finger width at penultimate phalanx), disks rounded to 
slightly trapezoid, slightly expanded transversally, third finger 
disk width 125% of third finger disk length; third finger disk 
width (FTD) 72% of tympanum diameter (TD); dermal fringing 
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on fingers not developed (Figure 3C); finger webbing absent; 
subarticular tubercles rather large, rounded, slightly protruding, 
distinct on all fingers, finger subarticular formula: | (1), II (1), 
Ill (2), IV (2); supernumerary metacarpal (palmar) tubercle 
single, medial, and ovoid; nuptial pad present, ovoid, elongated, 
covering prepollex area, comprising 46% of finger | length; 
two metacarpal tubercles present, inner metacarpal small and 
rounded, outer metacarpal tubercle flattened (Figure 3C). 





Figure 4 Dorsolateral view of male holotype of Theloderma auratum sp. nov. (ZMMU A-5828) in life (in situ) (Photo by Nikolay A. Poyarkov) 


Hindlimbs: Hindlimbs slender, relatively long, heels overlap 
when legs are at right angles to body (Figure 3A), tibiotarsal 
articulations reach well beyond tip of snout; tibia slightly over 
half of snout-vent length (TL/SVL ratio 55%); dermal ridge 
along outer side of tibia or tarsal fold absent; toes half-webbed, 
toe-webbing formula: | 2-21% Il 172—234 Ill 2-3% IV 3-1% V; 
weak dermal fringes reaching to disks of all toes. Tips of toes 
bearing small disks with distinct circummarginal and transverse 
grooves; disks rounded, notably smaller than those of fingers 
(HTD/FTD ratio 91%); fourth toe disk width (HTD) 105% of 
fourth toe disk length; relative toe lengths: I<Il<V<lll<IV; round, 
clearly distinct protuberant subarticular tubercles on all toes, 
toe subarticular formula: | (1), Il (1), III (2), IV (3), V (2); inner 
metatarsal tubercle well pronounced and notably protuberant, 
oval-shaped, 2.1 times longer than wide, outer metatarsal 
tubercle or supernumerary tubercles absent (Figure 3E). 


Skin texture and skin glands: Dorsal skin smooth, with 
numerous small flat tubercles irregularly scattered on dorsal 
surfaces of head and body, forming weak reticulate pattern 
in sacral area (Figure 3A), lateral surfaces of head and body 
completely smooth; tympanum with few tiny evenly scattered 
tubercles; upper eyelids with few (3—5) very small flat reddish 
superciliary tubercles (Figure 3D); calcified asperities and 
warts on dorsum absent; area above insertion of forelimbs, and 
lateral sides of belly smooth; supratympanic and dorsolateral 
folds absent; dorsal surface of limbs weakly shagreened, 
ventral sides of limbs smooth; throat and chest smooth, belly 
and ventral surface of thigh smooth; dermal appendage at vent, 
dermal fringes and dermal tibiotarsal projections absent. 


Color of holotype in life: Background of dorsal surface of head, 


body, forearms, thighs, and shanks uniform golden-yellow with 
numerous tiny flat golden-orange tubercles on dorsal surfaces 
and supraciliary tubercles, getting somewhat denser posteriorly 
and forming weak reticulations in sacral area (Figure 3A; Figure 
4). Small dark-brown spots of irregular shape located on dorsal 
surface of snout between nostrils, upper eyelids (two small spots 
on left and four spots on right upper eyelid), two spots on 
orbit margins between eyes, few small brown flecks in scapular 
area, two larger brown spots on mid-dorsal line (one in middle 
of dorsum, one in sacral area) and a single small spot above 
cloaca (Figure 3A). Elbows dorsally dark orange-brown. Four 
dark transverse dark-brown lines on dorsal surface of each thigh, 
orange-brown spot on each knee; on shanks a single short brown 
line at proximal end, larger light-brown blotch medially and smaller 
brown spot at distal end near tibiotarsal joint (Figure 3A). 

Lateral sides of head and body with wide dark reddish-brown 
to black lateral stripes, clearly separated from lighter dorsal 
coloration by straight contrast edge, running from snout tip 
along canthus rostralis to anterior eye corner, then from 
posterior eye corner above tympanum and posteriorly to groin; 
dorsal edge of wide dark lateral stripe sharp and straight 
until groin, which shows very shallow dark inguinal loop with 
rounded edges. Tympanum uniformly dark-brown with no 
markings; tympanal area ventrally reddish-brown, dorsally 
black, sharply edged from light golden-yellow supratympanic 
area (Figure 3D). 

Background of dorsal surfaces of arms, hands, and feet 
reddish-brown, with dense bluish-white to turquoise speckles, 
which spread to fingers and toes (Figure 3A); disks on digits 
dorsally brownish with dense whitish marbling, ventrally grey. 
Ventral surfaces of body, including belly and chest greyish-blue 


Zoological Research 39(3): 158-184, 2018 171 


with indistinct brown confluent blotches, getting smaller and 
denser anteriorly, forming dense brownish pattern on throat 
(Figure 3B). Two oblique brownish spots in chest area. Ventral 


surfaces of forelimbs grey with whitish speckling (Figure 3B, C). 


Ventral surfaces of hindlimbs reddish-brown with large bluish to 
turquoise blotches on groin, femur, and medial part of shank 
(Figure 3B). Throat, chest, and ventral surfaces of thighs with 
small bluish-white speckles. 

Pupil horizontal, oval-shaped; iris bicolored, golden-orange 
dorsally, copper-red with thick black intervening ventrally; with 
wide black longitudinal stripe running medially, incorporating 
black pupil (Figure 3D). 


Color of holotype in preservative: After preservation in ethanol 
for two years, coloration pattern of holotype resembles that 
observed in life; however, yellowish and reddish tints faded 
completely, turning beige-grey, brownish-black patterns on lateral 
surfaces appeared brownish-grey; ventral coloration lost purple 
and bluish tints and looked beige-grey with brown spots. 

Variation: All individuals in type series were very similar 


in morphology, body proportions, and body coloration; 
measurements of type series are shown in Table 4 and 


representative photographs showing variation in dorsal and 
ventral coloration of four male paratypes in life are given in 
Figure 5 and Figure 6. All specimens show certain variation 
in number and position of small dark-brown spots on dorsum 
(Figure 5A, Figure 6) and ventral pattern, including size of two 
oblique brownish spots in chest area (Figure 5B). Coloration 
of Theloderma auratum sp. nov. showed slight variation 
in response to diel period and microhabitat conditions. In 
life, coloration of dorsum was somewhat lighter nocturnally 
than during daytime, with dorsal surfaces looking light-beige to 
cream. Variation in color related to diel period, stress, and other 
conditions has been reported for other species of Theloderma 
(McLeod & Ahmad, 2007; Rowley et al., 2011). 


Tadpole description: Description of larval morphology 


was based on five tadpoles (Gosner stages 29-36) 
(ZISP 13422-13426) (see Referred specimens for details). 
Identification of tadpoles was confirmed by 16S rRNA partial 
sequencing (see Table 2). The main morphometric parameters 
of the tadpoles are given in Table 5. Ontogenetic stages of 
Theloderma auratum sp. nov. are shown in Figure 7. Details 
of tadpole morphology are presented in Figure 8. 





Figure 5 Male paratypes of Theloderma auratum sp. nov. in life in dorsal (A) and ventral (B) views (ex situ) 
From left to right: A-5831, A-5829, A-5830, and A-5832. Scale bar, 10 mm. Photos by Nikolay A. Poyarkov. 
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Figure 6 Dorsolateral views of male paratypes of Theloderma auratum sp. nov. in life (in situ) 
A: A-5831; B: A-5829; C: A-5830; D: A-5832. Photos by Nikolay A. Poyarkov. 


Table 5 Main morphometric parameters of Theloderma auratum sp. nov. tadpoles (n=5; all in mm); developmental stages based 
on tables of Gosner (1960) 





ZISP 13422 ZISP 13423 ZISP 13424 ZISP 13425 ZISP 13426 





Coaraci (Stage 29) (Stage 30) (Stage 33) (Stage 35) (Stage 36) 
BH 6.2 6.2 6.3 6.6 6.9 
BL 11.4 12.8 11.9 13.3 13.0 
BW 8.3 8.4 8.1 9.3 9.6 
ED 1.0 1.3 1.2 1.3 1.7 
IOD 3.4 3.4 3.0 3.2 3.9 
LF 1.8 2.1 2.0 2.1 2.0 
MTH 4.7 4.6 5.1 5.9 5.7 
NN 2.0 2.1 2.3 2.0 2.2 
NP 2.0 2.4 2.6 2.3 2.3 
ODW 3.2 3.7 3.2 3.7 3.6 
RN 2.1 1.7 2.1 2.1 2.2 
SS 8.5 8.6 8.2 9.3 9.2 
TAL 18.5 19.6 20.3 22.7 23.6 
TL 29.9 32.4 32.2 36.0 36.6 
TMH 3.5 3.1 3.4 3.4 3.9 
TMW 3.0 2.8 3.0 3.4 3.5 
UF 1.6 1.8 2.0 2.5 2.0 


For abbreviations, see “Materials and methods”. 
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Figure 7 Ontogenetic stages of Theloderma auratum sp. nov. in life (ex situ) 


A: Freshly laid egg; B: Developing embryo; C: Tadpole (Gosner stage 31), lateral view; D: Tadpole (Gosner stage 31), dorsal view; E: Metamorph. Photos A-B 


and E by Ivan I. Kropachev; photos C-D by Nikolay A. Poyarkov. 


External morphology: Body oval, wider than high, body height 
7196—7896 of body width. Body longer than wide: body width 
66%-74% of body length. Snout blunt, rounded. Tail more 
than two times longer than body, body length 55%—65% of tail 
length (Figure 7A, B); 23-28 myotomes discernable in lateral 
view. Nostrils rounded, oriented anterodorsally, located almost 


at same distance to snout as to eye (RN/NP ratio 71%—-105%). 


Internarial distance (IND) 56%-77% of interorbital distance 
(IOD). Eyes with dorsal orientation. Eye diameter (ED) 
9%-18% of body length (BL). Eye-nostril distance (END) larger 
than eye diameter (ED). Spiracle single, sinistral, located closer 
to posterior portion of body, directed laterally. Distance from tip 
of snout to spiracle opening 6796—7596 times body length. Vent 
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tube in medial position, with aperture located on same line as 
margin of ventral tail fin. Height of tail musculature at highest 
portion 5896—7496 of tail height and 50%-57% of maximum 
body height. Maximum height of dorsal tail fin 3496-4296 of 
maximum tail height. Ventral tail fin same height as dorsal tail 
fin; maximum height of lower tail fin 35%—46% of maximum tail 
height. Ventral and dorsal tail fins start roughly at level of vent. 
Dorsal and ventral tail fins slightly higher in posterior one third 
of tail length; tail tip gently rounded (Figure 7C; Figure 8A). 


Oral disk: Mouth with ventral orientation (Figure 8C), oral disk 
wide, elliptical, width 38%—44% of body width. Lower labium 
fringed with double row of finger-shaped papillae (Figure 8D). 


Submarginal papillae located laterally of upper and lower 
labium. Number of marginal papillae in one row 80-85. 
LTRF: 5(3—5)/8. Number of keratodonts 24-28 on 1 mm. 
Lower sheath “V-shaped; upper sheath "U"-shaped, both with 
distinctly serrated edges (Figure 8D). 


4 mm 


Coloration in life: Body strongly pigmented: dorsally and 
ventrally uniformly dark-grey (Figure 7C, D). In dorsal view, 
eyes not totally visible on strongly pigmentated background 
(Figure 7C). Iris black. Spiracle slightly pigmented. Dorsal 
and ventral tail fins translucent at edges with greyish coloration, 
much lighter than on body. 





Figure 8 Tadpole morphology of Theloderma auratum sp. nov. (Gosner stage 31) 


A: Lateral view; B: Dorsal view; C: Ventral view; D: Oral disk. Figures A-B by Valentina D. Kretova, Figures C—D by Ivan I. Kropachev. 


Coloration in preservative: In ethanol, all parts of tadpoles 
were less intensively pigmented and turned greyish. In 
preservation, myotomes of tail muscles were more discernable 
than in life. 


Advertisement call: Advertisement calls of Theloderma 
auratum sp. nov. were uttered in a series of 14.2743-1.31 (7-21, 
n=15) tonal calls (Figure 9), resembling an orthopteran call to 
the human ear. Series duration varied from 3.04 s to 11.34 
s (7.88+0.62 s, n=15) and the interval between successive 
series comprised 21.61+2.57 s (12.16-44.4 s, n=13). Call 
duration varied from 30 ms to 75 ms (6140.5 ms, n=214) and 
inter-call interval varied from 411 ms to 842 ms (529+6.76 
ms, n=199) usually decreasing gradually from the beginning 
to end of the series (Figure 9). Call repetition rate within 




















the series was 1.68+0.03 calls/s (1.53-1.98 calls/s, n=15). 
Initial fundamental frequency was 2 777+3 Hz (2 570-2 900 
Hz, n=214) and final fundamental frequency was 2 856--4 Hz 
(2 710-3 090 Hz, n=214). The initial and final fundamental 
frequencies also represented the minimum and maximum 
fundamental frequencies, respectively. Frequency modulation 
was usually expressed in the weak lift of fundamental frequency 
during the whole call. The presence of harmonics varied 
between/within recordings and mostly depended on recording 
quality (e.g., sensitivity of recording equipment, distance from 
vocalizing animal, signal volume, and background noise). Calls 
from the highest quality recording contained poorly visible 
second harmonics (Figure 9). The maximum amplitude 
frequency varied from 2 760 to 2 950 Hz (2 829-2 Hz, n=214) 
and coincided with the fundamental frequency. 
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Figure 9 Oscillograms (top) and sonograms (bottom) of male advertisement calls of holotype of Theloderma auratum sp. nov. 


(ZMMU A-5828), recorded at 21.5 °C (Kon Chu Rang Nature Reserve, Gia Lai Province, Tay Nguyen Plateau, central Vietnam) 


Position in mtDNA genealogy and sequence divergence: 
According to our mtDNA data, Theloderma auratum sp. nov. 
belongs to the subgenus Theloderma s. str. (Poyarkov 
et al., 2015), and is reconstructed as a sister species of 
Th. palliatum (Figure 2, clade II-B). Uncorrected genetic 
P-distances between Theloderma auratum sp. nov. 12S rRNA 
and 16S rRNA sequences and all homologous sequences of 
congeners included in our analyses varied from 8.996 (with 
sister species Th. palliatum) to 17.9% (with Th. laeve) (see 
Table 3). This value is higher than that observed between 
several currently recognized species of Theloderma (Table 3). 


Distribution and biogeography: The known distributions of 
Theloderma auratum sp. nov. and its sister species Th. 
palliatum are shown in Figure 1. To date, the new species is 
known from montane evergreen tropical forests of Tay Nguyen 
Plateau in the central Annamite (Truong Son) Mountains, and 
has been recorded in Gia Lai, Kon Tum, and Thua Thien-Hue 
provinces. It is anticipated that Theloderma auratum sp. nov. 


also occurs in the adjacent montane forests of Tay Nguyen 
Plateau; in particular, records from Quang Nam Province of 
Vietnam and Xekong Province of Laos are anticipated. 


Natural history notes: Our knowledge on the biology of 
Theloderma auratum sp. nov. is scarce. The new species was 
recorded in primary polydominant tropical montane evergreen 
forests of Tay Nguyen Plateau at elevations ranging from 800 
to 1 400 m a.s.l.. Animals were recorded only in patches of 
primary undisturbed forest with complete multi-layered canopy 
and heavy undergrowth, suggesting the new species is a strict 
forest-dwelling specialist. At the type locality in Kon Chu 
Rang Nature Reserve (Gia Lai Province), the forest where 
the new species was recorded is dominated by large trees of 
the families Podocarpaceae (Dacrydium elatum, Dacrycarpus 
imbricatus), Magnoliaceae, Burseraceae (Canarium sp.), 
Myrtaceae (Syzygium sp.), Hamamelidaceae (Simingtonia sp.), 
Lauraceae (Litsia sp.), Rhodoliaceae (Rhodolia sp.), Fagaceae, 
Sterculiaceae (Scaphium sp.) (Figure 10). 





Figure 10 Habitat of Theloderma auratum sp. nov. at type locality; montane tropical forest in Kon Chu Rang Nature Reserve, Gia 


Lai Province, Tay Nguyen Plateau, central Vietnam (Photo by Alina V. Alexandrova) 
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Theloderma auratum sp. nov. is a very secretive species 
with apparently nocturnal activity. Animals were usually 
encountered at night (between 1900 h and 0300 h) after or 
during heavy rain; males were recorded when calling from 
shrubs or small trees ca. 20-90 cm above the ground. Diet 
of the new species remains unknown. In Kon Plong District, 
Kon Tum Province, both males and females were observed at 
an elevation of 1 000 m a.s.l. when sitting on leaves of shrubs 
at 40—50 cm from the ground; animals were active at an air 
temperature of 20—22*C and 100% humidity. 

Other species of anurans recorded syntopically with the 
new species at the type locality included /ngerophrynus 
galeatus (Günther, 1864), Kurixalus banaensis (Bourret, 
1939), Rhacophorus annamensis Smith, 1924, Rhacophorus 
rhodopus Liu & Hu, 1960, Hh. robertingeri Orlov, Poyarkov, 
Vassilieva, Ananjeva, Nguyen, Nguyen & Geissler, 2012, 
Polypedates mutus (Smith, 1940), Rana johnsi Smith, 1921, 
Sylvirana nigrovittata (Blyth, 1856), Microhyla pulverata Bain 


& Nguyen, 2004, and Occidozyga vittata (Andersson, 1942). 


In Kon Ka Kinh National Park (Gia Lai Province), the new 
species was recorded in sympatry with three other Theloderma 
species, including 7h. albopunctatum, Th. vietnamense, and 
Th. truongsonense, with the latter species sharing the same 
biotopes as Theloderma auratum sp. nov. In Thac Nham 
Forest (Kon Plong Province), the new species was recorded 
in sympatry with Th. albopunctatum, Th. gordoni, and Th. 
ryabovi. 


Reproductive biology: Reproduction of the new species 
was observed under laboratory conditions. In terrarium, 
clutches of Theloderma auratum sp. nov. were found 
on the under-surface of snags (Figure 7) and were usually 
deposited 2—4 cm above the surface of the water. A clutch 
consisted of one or two, rarely three eggs, enveloped in slimy 
transparent external egg-capsules (see Figure 7A, B). Duration 
of embryonic development comprised 10—12 d at ambient air 
temperatures of 22-23?C. Tadpoles were fed on dry fish food 
and started active feeding 2—3 d after hatching. Duration of 
larval development from hatching to the end of metamorphosis 
was about 2.5 months. At metamorphosis, the main aspects of 
coloration and dorsal pattern corresponded to that of the adults, 
except the dorsal coloration pattern: metamorphs had a more 
intensive orange dorsum with orange reticulate pattern (Figure 
7E), which disappeared with age. 


Comparisons: Theloderma auratum sp. nov. is easily 
distinguished from most species of the genus Theloderma by a 
combination of the following morphological attributes: (1) small to 
medium body size (SVL 21.8—26.4 mm); (2) absence of vomerine 
teeth; (3) smooth skin on dorsum with dorsal warts or asperities 
absent, (4) long obtuse snout with pointed snout tip, ESL/SVL 
ratio 16%-20%; (5) uniform golden-yellow dorsal coloration 
with weak golden-orange speckling and reticulations; (6) dark 
reddish-brown to black lateral stripes, separated from dorsal light 
coloration by sharp edge, forming very weak and shallow inguinal 
loop; and (7) bicolored iris, golden-orange dorsally, copper-red 
with thick black intervening ventrally, with a wide black longitudinal 


medial stripe. 


The small body size, absence of vomerine teeth, and 
smooth dorsal skin lacking asperities or warts distinguishes 
Theloderma auratum sp. nov. from the large-sized 
Theloderma species: Th. bicolor (Bourret, 1937), Th. corticale 
(Boulenger, 1903), Th. gordoni Taylor, 1962, Th. leporosum 
Tschudi, 1838, Th. moloch (Annandale, 1912), and Th. 
nagalandense Orlov, Dutta, Ghate et Kent, 2006 (vs. large 
body size, large dorsal asperities, and vomerine teeth present). 


Absence of hand webbing, reduced foot webbing, and 
completely smooth dorsum clearly distinguishes the new 
species from Th. horridum (Boulenger, 1903), Th. stellatum 
Taylor, 1962, Th. vietnamense Poyarkov, Orlov, Moiseeva, 
Pawangkhanant, Ruangsuwan, Vassilieva, Galoyan, Nguyen & 
Gogoleva, 2015, Th. ryabovi Orlov, Dutta, Ghate & Kent, 2006, 
Th. phrynoderma (Ahl, 1927), Th. asperum (Boulenger, 1886), 
and Th. albopunctatum (Liu & Hu, 1962) (vs. hand webbing 
well-developed in Th. horridum, rudimentary in remaining taxa; 
vs. foot webbing complete, dorsum with more or less developed 
warts and asperities in above-mentioned taxa). 

The Malayan species 7^. licin and Th. asperum, 
Indochinese species Th. albopunctatum, and poorly known Th. 
baibungense (Jiang, Fei & Huang, 2009) and Th. pyaukkya 
Dever, 2017 can be further distinguished from Theloderma 
auratum sp. nov. by whitish coloration of whole dorsum 
or large white blotches on dark dorsal background color (vs. 
golden-yellow dorsum with golden-orange reticulations and few 
dark spots in Theloderma auratum sp.  nov.), greyish or 
whitish belly with brown reticulations (vs. whitish to bluish belly 
with small brown spots and blotches in Theloderma auratum 
Sp. nov.), and uniform red coloration of iris (vs. distinctly 
bicolored golden/black iris in Theloderma auratum sp. nov.). 
Furthermore, Th. licin McLeod & Ahmad, 2007 from Sundaland 
and the Malayan Peninsula can be distinguished from the new 
species by the uniform dark-red coloration of iris (vs. distinctly 
bicolored golden/black iris in Theloderma auratum sp. nov.) 
and short rounded snout with ESL/HL ratio below 40% (vs. 
long pointed snout with ESL/HL ratio over 4396 in Theloderma 
auratum sp. nov.). 

Theloderma annae Nguyen, Pham, Nguyen, Ngo & Ziegler, 
2016 can be easily differentiated from the new species by 
a golden-green iris with black reticulations and greenish-grey 
dorsal pattern (vs. distinctly bicolored golden/black iris 
and golden-yellow dorsum with golden-orange reticulations 
in Theloderma auratum sp. | nov. and presence of 
supernumerary palmar tubercles (vs. absent in Theloderma 
auratum sp. nov). Theloderma auratum sp. nov. can 
be distinguished from two other small-sized Theloderma 
species found in northern Vietnam and southern China — Th. 
rhododiscus (Liu & Hu, 1962) and Th. lateriticum Bain, Nguyen 
& Doan, 2009 — by golden-yellow dorsum with golden-orange 
reticulations and few dark spots (vs. tea brown to dark grey 
dorsum in Th. rhododiscus and dorsum with deep brick-red 
background color with distinct black middorsal spot or blotches 
in Th. lateriticum), greyish belly or whitish belly with brown 
reticulations (vs. belly brownish-black scattered with grey-white 
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network in both taxa), ventral surfaces of disks grey (vs. orange 
or red in Th. rhododiscus), completely smooth dorsum without 
asperities or warts (vs. distinctly white dorsal asperities present 


in both taxa), and distinctly bicolored golden/black iris (vs. 


uniformly dark reddish brown iris in both taxa). Theloderma 
lacustrinum Sivongxay, Davankham, Phimmachak, Phoumixay 
& Stuart, 2016 from Laos can be differentiated from the 
new species by its uniform red iris (vs. distinctly bicolored 
golden/black iris), beige-brown upper jaw (vs. uniformly dark 
reddish-brown upper jaw), and presence of large black blotches 
in inguinal region (vs. dark inguinal blotches absent). 
Theloderma  petilum (Stuart & Heatwole, 2004) can 
be easily differentiated from the new species by two 
chocolate-brown bands running from lateral surfaces of head 
toward groin, distinctly separated from brownish-beige dorsum 
and edged with white (vs. dark lateral bands black to 


reddish-brown, sharply contrasting with golden-orange dorsum 
with golden-orange reticulations in Theloderma auratum sp. 
nov.). 

Superficially, Theloderma auratum sp. nov. morphologically 
resembles other small-bodied Theloderma species found in 
central and southern Vietnam, namely Th. laeve (Smith, 1924), 
Th. nebulosum Rowley, Le, Hoang, Dau & Cao, 2011, Th. 
truongsonense (Orlov & Ho, 2005), and Th. palliatum Rowley, 
Le, Hoang, Dau & Cao, 2011. Thus, comparisons with these 
species appear to be the most pertinent: Th. laeve (Smith, 1924), 
Th. nebulosum Rowley, Le, Hoang, Dau & Cao, 2011, Th. 
truongsonense (Orlov & Ho, 2005), and Th. palliatum Rowley, 
Le, Hoang, Dau & Cao, 2011 (Figure 11). Table 6 summarizes 
the morphometric data on the small-bodied Theloderma species 
of central and southern Vietnam. 





Figure 11 Small-bodied Theloderma species of central and southern Vietnam 
A: Th. truongsonense from Kon Ka Kinh N.P., Gia Lai Prov.; B: Th. palliatum from Chu Yang Sin N.P., Dak Lak Prov.; C: Th. laeve from Loc Bac Forestry, Lam 


Dong Prov.; D: Th. nebulosum from Ngoc Linh Mt., Kon Tum Prov. Photos A-C by Nikolay A. Poyarkov; Photo D by Nikolai L. Orlov. 


Theloderma nebulosum (Figure 11D) can be distinguished 
from the new species by small sparse dorsal asperities present 
(vs. absent), brown dorsum with darker patterning (vs. 
golden-yellow dorsum with golden-orange reticulations and few 
dark spots), and dark brown to black ventral surfaces with 
bluish marbling (vs. whitish to bluish belly with small brown 
Spots and blotches). 

Theloderma truongsonense (Figure 11A) from the central 
and southern Annamite (Truong Son) Mountains can be 
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distinguished from Theloderma auratum sp. nov. by the 
following morphological attributes: dorsal skin shagreened with 
numerous small asperities scattered on dorsum and dorsal 
surfaces of head including upper eyelids (vs. completely 
smooth dorsum with only few (3—5) flat superciliary tubercles), 
comparatively shorter snout with rounded snout tip, ESL/SVL 
ratio below 16% (vs. tapering snout with pointed tip, 
comparatively longer, ESL/SVL ratio above 17%), dorsum 
brown with darker patterning (vs. golden-yellow dorsum with 


golden-orange reticulations and few dark spots), dorsal edge 
of dark lateral stripe irregular, deep inguinal loop or large 
black inguinal blotch surrounded by bluish to turquoise edging 
always present (vs. dark lateral stripe with smooth sharp 
edge, inguinal loop absent or shallow), comparatively wider 
and shorter head, HW/HL ratio above 85% (vs. comparatively 
narrower and longer head, HW/HL ratio below 84%), and 


comparatively shorter tibia, TL/SVL ratio below 52% (vs. 


comparatively longer tibia, TL/SVL ratio above 53%). 

Theloderma laeve (Figure 11C) from low to mid-elevations of 
Langbian Plateau, southern Vietnam, can be diagnosed from 
Theloderma auratum sp. nov. by the following combination 
of morphological characters: dorsum beige with brownish 
patterning and thin light middorsal stripe (vs. golden-yellow 
dorsum with golden-orange reticulations and few dark spots), 
lateral stripe brownish-violet (vs. black to dark brown lateral 
stripe), ventral surfaces uniform violet-grey with no dark 
patterning (vs. whitish to bluish belly with small brown 
spots and blotches), head short, HL/SVL ratio below 35% 
(vs. head comparatively longer, HL/SVL ratio over 37%), 
head width slightly less than head length, HW/HL ratio 
86%-93% (vs. head notably longer than wide, HW/HL 
ratio 78%-84%), comparatively shorter snout with rounded 
snout tip, ESL/SVL ratio 14%-16% (vs. tapering snout with 
pointed tip, comparatively longer, ESL/SVL ratio 17%—-20%), 
and comparatively smaller interorbital distance, IOD/SVL ratio 
996—1096 (vs. IOD/SVL ratio 11%-14%). 

From its sister species, Th.  palliatum (Figure 11B), 
which inhabits high elevations of the Langbian Plateau, 
Theloderma auratum sp. nov. can be distinguished by the 
following morphological features: completely smooth dorsum 
(vs. notably tuberculated dorsum, with dorsal surfaces of body, 
head, and limbs covered with many tubercles and asperities), 
golden-yellow dorsum with golden-orange reticulations and few 
dark spots (vs. beige dorsum with large light-brown blotches 
on upper eyelids, scapular, and sacral area), dark lateral stripe 
with smooth sharp edge, inguinal loop shallow or absent, large 
black inguinal blotch absent (vs. dorsal edge of dark lateral 
stripe irregular, large black inguinal blotch or dark inguinal loop 
present), whitish to bluish belly with small brown spots and 
blotches (vs. almost black belly with thin bluish reticulations), 
snout dorsally pointed (vs. snout dorsally obtusely rounded), 


comparatively smaller tympanum, TD/SVL ratio 796—896 (vs. 


comparatively larger tympanum, TD/SVL ratio 996—109), and 
comparatively larger eye to nostril distance, END/SVL ratio 
1196-1396 (END/SVL ratio 9%-10%). 

Tadpoles of Theloderma auratum sp. nov. superficially 
resemble the tadpoles of Th. nebulosum described by Rowley 
et al. (2011); however, they can be distinguished from the 


latter by LTRF 5(3-5)/3 (vs. LTRF 4(2-4)/8 in Th. nebulosum). 


Tadpoles of Th. laeve and Th. palliatum also exhibit LTRF 
4(2-4)/3 (see Orlov et al., 2012). 


Etymology: The specific name “auratum” is a Latin adjective 
in the nominative singular (neutral gender), derived from Latin 
"aurum" for "gold", referring to the golden-yellowish dorsal 
coloration of the new species. 


Recommended vernacular name: We recommend the 
following common name in English: Golden Bug-Eyed Frog. 
Recommended vernacular name in Vietnamese: Ech Cay Sàn 
Vàng. 


Conservation status: Theloderma auratum sp. nov. is, to 
date, known from five localities in the Tay Nguyen Plateau 
of central Vietnam. Further research is required to estimate 
its actual distribution, population trends, and possible threats. 
It appears that the new species is associated with primary 
undisturbed montane forests and may be affected by growing 
anthropogenic pressure and forest destruction, as observed 
in different areas of central Vietnam. Given the available 
information, we suggest Theloderma auratum sp. nov. be 
tentatively considered as a Data Deficient species following 
IUCN's Red List categories (IUCN, 2001). 


DISCUSSION 


Our phylogenetic data largely confirmed the phylogeny of 
Theloderma as given by Poyarkov et al. (2015), Nguyen et al. 
(2015), and Sivongxay et al. (2016), but included several taxa 
not analyzed in these studies. Our data supported subdivision 
of Theloderma into two major clades, corresponding to the 
subgenera Stelladerma (Clade !) and Theloderma s. str. 
(Clade Il). Furthermore, Th. annae was reconstructed as 
a sister species of Th. nebulosum with high node support, 
and Th. moloch, Th. phrynoderma, and Th. ryabovi were 
supported as a monophyletic sister group to the Th. asperum 
complex. 


Our research clearly demonstrated that current 
understanding of the diversity of Theloderma is far from 
complete. Within Th. asperum, our data strongly suggested 
paraphyly of Th. pyaukkya from Myanmar with respect to 
Th. baibungense from the eastern Himalayas. In addition, 
Th. pyaukkya could be subdivided into two highly divergent 
non-monophyletic lineages from northern and central Myanmar 
(P-distance 3.9%). Dever (2017) described Th. pyaukkya 
without including Th. baibungense in phylogenetic analysis 
and without examination of Th.  baibungense specimens; 
comparisons of Th. pyaukkya in this paper do not allow the 
discrimination of Th. pyaukkya from Th. baibungense. Our 
data indicated that the taxonomic status of Th. pyaukkya 
lineages requires careful reconsideration: synonymy of this 
species with Th. baibungense can be assumed; however, 
high genetic differentiation between its lineages suggests 
that taxonomic reassessment of this group is necessary. 
Other examples of high intraspecific genetic distances 
included Indochinese species Th. lateriticum (P=3.6%), Th. 
truongsonense (P=3.8%), and Th. albopunctatum (P=2.5%); 
these results suggest the possible presence of cryptic species 
in these complexes and incomplete taxonomy of the group. 
Finally, Theloderma sp. from Gia Lai Province, previously 
identified as Th. laeve by Nguyen et al. (2015), clearly 
represented a deeply divergent mtDNA lineage sister to Th. 
laeve s. str. (P=9.0%) and likely corresponds to a yet 
undescribed species. 


Zoological Research 39(3): 158-184, 2018 179 


Table 6 Morphometric differentiation of small-bodied Theloderma species of central and southern Vietnam, resembling Theloderma auratum sp. nov. 










































































































































































































































































Species SVL A-G HW HL HD UEW IOD ED TD ESL IND END TED NS FLL 
Th. palliatum 26.140.4 12.3+0.5 8.5+0.2 10.1401 4.2+0.1 28401 3.4+0.2 3.3104 2.3+0.2 4.440.1 2.740.2 2.5401 1.0401 1.8401  15.040.5 
n-4 (25.5-26.6) (11.6-12.9) (8.1-8.7) (9.9—10.2) (3.9-4.4) (2.6-3.0) (3.2-3.8)  (3.0-4.0) (21-26) (43-46) (2.5-2.9) (2.3-2.6) (1.0-1.2) (1.5-1.9) (14.2-15.6) 
Th. truongsonense 24.840.8 11.240.7 8140.3 9.2402 3540.3 2040.1 3.0401  3.2+40.0 1.80.1 3.80.1 2.0401 2.340.1 0.740.0 1.3401 13.740.2 
n-5 (23.6-26.4) (10.3-12.7) (7.8-8.8) (9.0-9.6) (3.2-3.8) (1.8-2.2) (2.9-3.1) (8.2-3.2)  (1.7-1.9 (3.5-4.1) (1.9-2.0) (2.2-2.4) (0.7-0.7) (1.2-1.3) (13.3-14.1) 
Th. laeve 25.5+1.6 12.0+0.4 7.8+0.3 86404 3.0+0.2 1.7400 2.5+0.1 — 3.2102 1.6+0.0 3.9+0.2 2.0+0.1 2.440.2 0.8401 1.6+0.1 13.740.5 
n=5 (23.0-28.7) (11.4-12.9) (7.4-8.2) (7.9-9.5) (2.8-3.4) (1.6-1.8) (2.3-2.7) (2.8-3.4) (1.6-1.6) (864.0) (1.8-2.2) (2.1-2.7) (0.6-0.9) (1.4-1.7) (13.0-14.5) 
Th.auratum sp. nov. 25.341.0 12.0+0.4 7.940.2 9.8404 4140.2 2.21401 3.0401 3.3+0.1 1.8+0.1 4.440.2 2.83:0.1 2840.1 0.7400 1.7401 13.9+0.9 
n=7 (21.8-26.4) (11.2-12.8) (7.5-8.2) (9.2-10.4) (3.6-4.4) (2.0-2.5) (2.8-3.2) (3.2-3.5) (1.7-2.0) (424.7) (2.1-2.4) (2.7-3.0) (0.6-0.8) (1.5-2.0) (12.4-15.5) 
LAL ML FFL TFL FTD NPL MCTe HLL FL TL FOT FTL FFTL HTD MTTi 
Th. palliatum 5.740.4 7.8:0.3 2.2400 4840.5 1340.2 22401 1.5405 41.940.7 122406 143406 11.0401 2140.0 5.7406 0.9401 1.1401 
n-4 (4.9-6.0) — (6.97.7) (2.1-2.3) (4.3-5.8) (1.1-1.6) (2.1-2.4) (1.1-2.4) (41.2-43.0) (11.5—13.5) (13.7-15.5) (10.9—11.2) (2.12.2) (4.8-6.6) (0.7-1.0) (1.0-1.2) 
Th. truongsonense 5.02-0.1 6.40.4 2.00.1 4140.5 1.2401 1440.1 0.8+0.1 39.3425 11.340.4 125404 95401 1.540.1 5.3401 0.9401  1.0+0.0 
n=5 (5.0-5.2) (6.0-6.9) (1.8-2.2) (3.94.7) (1.11.3) (1.2-1.6) (0.7-0.9) (35.6-42.8) (10.5-11.9) (11.7-13.0) (9.3-9.6) (1.4-1.7) (5.1-5.5) (0.8—1.0) (1.0-1.0) 
Th. laeve 5.140.2 6.120.2 1.940.1 4240.2 1440.1 1.1401 0.5401 40.541.7 11.7406 134405 104403 2,040.1 4.7403 1.2400 — 0.90.2 
n=5 (4.8-5.4) (5.8-6.4) (1.7-2.0) (3.6-4.7) (1.0-1.3) (1.0-1.2) (0.3-0.7) (37.6-43.0) (10.1—13.3) (12.3-14.2) (9.9-10.9) (1.9-2.2) (4.3-5.3) (1.2-1.3) (0.6-1.1) 
Th. auratum sp. nov. 5.4+0.4 6.8L0.3 2.240.1 4.740.2 1.2+0.2 1540.3 0.7+0.1 39.841.2 119404 138405 10.8+0.3 1.5+0.1 5.4402 1.00.2 1.10.1 
n=7 (4.8-5.8) (6.2-7.5) (2.0-2.4) (4.3-5.1) (0.8-1.4) (1.1-1.9) (0.6-0.8) (36.1—42.0) (11.0—12.4) (12.5-14.5) (10.4-11.5) (1.3-1.7) (5.0-5.9) (0.6-1.3) (1.0-1.3) 








All data in mm, for males only; mean+ SD and Max.—Min. values are given. For abbreviations, see “Materials and methods”. 
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Our study confirmed significant species richness 
underestimation in Theloderma and reported on a new 
species of Theloderma from the Tay Nguyen Plateau of 
the Annamite (Truong Son) Mountains in central Vietnam. 
This mountainous area harbours the highest diversity of 
amphibian species in Indochina (Geissler et al., 2015) and 
is recognized as a local center of herpetofaunal diversity 
with many new species of amphibians and reptiles described 
from the plateau in the last decade (Poyarkov et al., 2014, 
2017; Rowley et al., 2010, 2011, 2014, 2016; Nguyen et 
al., 2018, Nguyen et al., in press). Our data indicate that 
knowledge on amphibian diversity of this area is still far from 
complete and further diversity is likely to be revealed with 
additional survey efforts. Habitat loss and modification is a 
continued threat in the region (Meyfroidt & Lambin, 2008), and 
is widely recognized as the greatest threat to amphibians in 
Southeast Asia. Range-restricted species are at greatest risk, 
and include Theloderma auratum sp. nov., which appears 
to be a forest specialist restricted to relatively undisturbed 
broadleaf evergreen montane forests. Further survey efforts 
and additional taxonomic studies to understand the true 
diversity of amphibians in the region are urgently required for 
effective conservation management. 
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Appendix | 


List of examined specimens. 

Theloderma laeve: ZMMU A-4569 (Bu Gia Map N.P., Binh Phuoc Province, 
southern Vietnam; 1 male, holotype of Th. bambusicolum); ZMMU 
A-4570 (Bu Gia Map N.P., Binh Phuoc Province, southern Vietnam; 2 
males, paratypes of Th. bambusicolum); ZMMU A-4573 (Bu Gia Map 
N.P., Binh Phuoc Province, southern Vietnam; 3 females, paratypes of 
Th. bambusicolum); ZMMU A-4571 (Cat Loc area, Cat Tien N.P., Lam 
Dong Province, southern Vietnam; 4 males, 1 female, paratypes of Th. 
bambusicolum); 

Theloderma palliatum: ZMMU A-5835 (Chu Yang Sin N.P., Dak Lak Province, 
southern Vietnam; 4 males); 

Theloderma truongsonense: ZMMU A-5827 (SaoLa Reserve, ARoang area, 
ALuoi district, Thua-Thien - Hue Province, central Vietnam; 5 males); 
Theloderma auratum sp. nov.: ZMMU A-5828 (Kon Chu Rang N.R., Gia Lai 
Province, central Vietnam; 1 male, holotype); ZMMU A-5829 (Kon Chu Rang 
N.R., Gia Lai Province, central Vietnam; 1 male, paratype); ZMMU A-5830 
(Kon Chu Rang N.R., Gia Lai Province, central Vietnam; 1 male, paratype); 
ZMMU A-5831 (Kon Ka Kinh N.P, Gia Lai Province, central Vietnam; 1 
male, paratype); ZMMU A-5832 (Thac Nham Forest, Kon Plong area, Kon 
Tum Province, central Vietnam; 1 male, paratype); ZMMU A-5833—-A-5834 
(SaoLa Reserve, ARoang area, ALuoi district, Thua-Thien - Hue Province, 
central Vietnam; 2 males). 
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ABSTRACT 


We describe a new species of megophryid frog from 
Phu Yen Province in southern Vietnam. Leptolalax 
macrops sp. nov. is distinguished from its congeners 
by a combination of the following morphological 
attributes: (1) body size medium (SVL 28.0—29.3 
mm in three adult males, 30.3 mm in single adult 
female); (2) supra-axillary glands present, creamy 
white; ventrolateral glands indistinct; (3) tympanum 
externally distinct; (4) dorsal skin roughly granular 
with larger tubercles, dermal ridges on dorsum 
absent; (5) rudimentary webbing present between 
fingers I-II and II-III; rudimentary webbing between 
all toes; fingers and toes without dermal fringes; 
(6) in life ventral surface greyish-violet with white 
speckling; (7) supratympanic fold distinct, dark brown 
in life; (8) iris bicolored, typically golden in upper 
half, fading to golden green in lower half; (9) tibia 
short (TDL/SVL 0.44—0.45 in males); and (10) eyes 
large and protuberant (ED/SVL 0.15—0.16 in males). 
From all congeners for which comparable sequences 
are available, the new species differs markedly 
in the 16S rRNA mitochondrial gene sequence 
(P-distance>5.7%). The new species is currently 
known only from montane evergreen tropical forests 
of Song Hinh District, Phu Yen Province, and M'Drak 
District of Dak Lak Province at elevations of 470—630 
m a.s.l.. We suggest the new species should be 
considered as Data Deficient following the IUCN's Red 
List categories. We also report a previously unknown 
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Leptolalax mtDNA lineage from an evergreen tropical 
forest in the Hoa Thinh District of Phu Yen Province, 
which may also represent an undescribed species. 


Keywords: Leptolalax macrops sp. nov.; Phu Yen 
Province; Dak Lak Province; Southern coastal region 
of Vietnam 


INTRODUCTION 


Members of the genus Leptolalax Dubois, 1983 (Megophryidae 
Bonaparte, 1850) are widely distributed from northeastern 
India and southern China southward to the Southeast Asian 
mainland and Borneo. Knowledge about Leptolalax species 
diversity has strikingly increased in recent decades, from 
only four in 1983 (Dubois, 1983) to 53 recognized species 
at present, 31 of which (~60% of total species) have been 
described in the last 10 years (Frost, 2017). In Vietnam, the 
number of Leptolalax species has increased remarkably from 
six (Nguyen et al., 2009) to 23 species (Rowley et al., 2016, 
2017a, 2017b) within the last decade. However, considering 
the high morphological similarity of many species within the 
genus (Rowley et al., 2016) and the poor level of biological 





Received: 03 September 2017; Accepted: 19 March 2018; Online: 10 
April 2018 
Foundation items: The work was partially supported by the 
Russian Foundation of Basic Research (RFBR 15-29-02771) to 
N.A.P.; Molecular and phylogenetic analyses were completed with 
partial financial support from the Russian Science Foundation (RSF 
14-50-00029) to N.A.P. 

"Corresponding author, E-mail: n.poyarkov@gmail.com 

DOI: 10.24272/j.issn.2095-8137.2018.009 


Zoological Research 39(3): 185-201, 2018 185 


exploration of many parts of Indochina, additional taxa likely 
remain undescribed. 

The L. applebyi species group is a monophyletic lineage 
of small to medium-sized frogs (adult SVL<40 mm) inhabiting 
the southern and central parts of the Annamite (or 
Truong Son) Mountains in southern Indochina (Poyarkov et 
al., 2015a; Rowley et al. 2015a, 2016). The group is 
characterized by morphological similarity of its members 
and widespread microendemism, with distribution of several 
lineages restricted to watershed basins (Rowley et al., 2015a). 
The L. applebyi species group currently comprises nine 
species distributed in the mountains of southern and central 
Vietnam and adjacent northeastern Cambodia, and include L. 
applebyi Rowley & Cao; L. ardens Rowley, Tran, Le, Dau, 
Peloso, Nguyen, Hoang, Nguyen & Ziegler; L. bidoupensis 
Rowley, Le, Tran, & Hoang; L. kalonensis Rowley, Tran, Le, 
Dau, Peloso, Nguyen, Hoang, Nguyen & Ziegler; L. maculosus 
Rowley, Tran, Le, Dau, Peloso, Nguyen, Hoang, Nguyen & 
Ziegler; L. melicus Rowley, Stuart, Neang & Emmett; L. pallidus 
Rowley, Tran, Le, Dau, Peloso, Nguyen, Hoang, Nguyen & 
Ziegler; L. pyrrhops Poyarkov, Rowley, Gogoleva, Vassilieva, 
Galoyan, & Orlov; and L. tadungensis Rowley, Tran, Le, 
Dau, Peloso, Nguyen, Hoang, Nguyen & Ziegler (Rowley et 
al., 2016). Moreover, recent molecular, morphological, and 
acoustic analyses of the L. applebyi species group (Rowley 
et al., 20158) revealed another potential new species in the 
northeastern edges of the Langbian Plateau, indicating that our 
current understanding of Leptolalax diversity in Vietnam is far 
from complete. 

In 2015, during field surveys in the Tay Hoa and Song 
Hinh districts of the southern area of Phu Yen Province, we 
encountered two previously unknown populations of Leptolalax 
Sp., which also represent the first records of the genus from 
Phu Yen Province. Morphologically, the newly discovered 
populations resembled species of the L. applebyi group. 
Consequently, analyses of mtDNA sequences and diagnostic 
morphological characters suggested that these two populations 
corresponded to two previously undescribed species of the L. 
applebyi group, one of which is described herein as a new 
species. 


MATERIALS AND METHODS 


Sample collection 

Field surveys were conducted in the forests near Hon Den 
Mountain, Ea Ly commune, Song Hinh District, and Hoa Thinh 
commune, Phu Thu Township, Tay Hoa District, in Phu Yen 
Province, southern Vietnam by Dang Trong Do between July 
and August 2015 (Figure 1). Specimens were collected by 
hand from 1900 h to 2300 h. Specimens were photographed 
in life, then euthanized in a closed vessel with a piece of 
cotton wool containing ethyl acetate (Simmons, 2002), fixed 
in 80% ethanol for 5 h, and later transferred to 70% ethanol 
for permanent storage. Femoral muscle tissue samples were 
taken prior to preservation for genetic analysis and stored in 
96% ethanol. Preserved specimens were deposited in the 
zoological collection of the Phu Yen University (PYU), Phu 
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Yen Province, Institute of Ecology and Biological Resources 
(IEBR), Hanoi, Vietnam, and in the herpetological collection of 
the Zoological Museum of Lomonosov Moscow State University 
(ZMMU), Moscow, Russia. 


Morphological characters 


Morphological data were recorded from preserved specimens. 
Measurements were taken using a digital caliper to the 
nearest 0.1 mm; the morphometrics of adults and character 
terminology follow Mahony (2011), Mahony et al. (2013), 
and Poyarkov et al. (2017). Morphometric abbreviations 
are: snout to vent length (SVL); head width (HW); head 
length (HL); eye diameter (ED); tympanum diameter (TYD); 
eye to tympanum distance (E-T); snout length, measured 
from snout tip to the anterior corner of the eye (E-S); eye to 
nare distance (E-N); nare to snout distance (N-S); interorbital 
distance, measured as the narrowest distance between upper 
eyelids (IO); internarial distance (IN); upper eyelid width (ELW); 
forearm length (FAL); hand length (HAL); first finger length 
(FIL); second finger length (FIIL); third finger length (FIIIL); 
fourth finger length (FIVL); tibia length (TbL); femur length 
(FeL); foot length (FOL); tibiotarsal articulation to tip of fourth 
toe distance (TFOL); and inner metatarsal tubercle length 
(IMT). Additionally, for description of the type series we 
measured the distance between anterior orbital borders (IFE); 
distance between posterior orbital borders (IBE); and length 
of toes I-V (TI-VL). All measurements were taken on the 
right side of the examined specimen. Sex was determined by 
gonadal inspection following dissection. 

Statistical analyses were performed with Statistica 6.0 
(StatSoft, Inc.) Sexes were separated for subsequent 
comparisons among samples. One-way analysis of variance 
(ANOVA) and Duncan's post-hoc tests were used for 
morphometric comparisons. A significance level of 95% was 
used of all statistical tests. 

Comparative morphological data were obtained from 
museum specimens of Leptolalax and (when available) 
photographs of these specimens in life (Appendix I). Data on 
the morphological characters of Leptolalax species are also 
available from the following literature: L. aereus Rowley, Stuart, 
Richards, Phimmachak & Sivongxay (Rowley et al., 2010b); L. 
alpinus Fei, Ye & Li (Fei et al., 1990, 2009, 2010), L. applebyi 
(Rowley & Cao, 2009; Rowley et al., 2016); L. arayai Matsui 
(Matsui, 1997), L. ardens (Rowley et al., 2016); L. bidoupensis 
(Rowley et al., 2011, 2016); L. botsfordi Rowley, Dau & Nguyen 
(Rowley et al., 2013); L. bourreti Dubois (Dubois, 1983; Ohler 
et al., 2011); L. croceus Rowley, Hoang, Le, Dau & Cao 
(Rowley et al., 2010c); L. dringi Dubois (Dubois, 1987; Inger 
et al., 1995); L. eos Ohler, Wollenberg, Grosjean, Hendrix, 
Vences, Ziegler & Dubois (Ohler et al., 2011); L. firthi Rowley, 
Hoang, Dau, Le & Cao (Rowley et al., 2012); L. fritinniens 
Dehling & Matsui (Dehling & Matsui, 2013) L. fuliginosus Matsui 
(Matsui, 2006); L. gracilis (Günther) (Günther, 1872; Inger & 
Stuebing, 2005); L. hamidi Matsui (Matsui, 1997); L. heteropus 
(Boulenger) (Boulenger, 1900); L. isos Rowley, Stuart, Neang, 
Hoang, Dau, Nguyen & Emmett (Rowley et al., 2015b); L. 


kajangensis Grismer, Grismer & Youmans (Grismer et al., 
2004); L. kalonensis (Rowley et al., 2016); L. kecil Matsui, 
Belabut, Ahmad & Yong (Matsui et al., 2009); L. khasiorum 
Das, Tron, Rangad & Hooroo (Das et al., 2010); L. lateralis 
(Anderson) (Anderson, 1871; Humtsoe et al., 2008), L. /aui 
Sung, Yang & Wang (Sung et al., 2014), L. liui Fei & Ye (Fei et 
al., 1990, 2009, 2010); L. maculosus (Rowley et al., 2016); L. 
maoershanensis Yuan, Sun, Chen, Rowley & Che (Yuan et al., 
2017); L. marmoratus Matsui, Zainudin & Nishikawa (Matsui et 
al., 2014b); L. maurus Inger, Lakim, Biun & Yambun (Inger et 
al., 1997); L. melanoleucus Matsui (Matsui, 2006); L. melicus 
(Rowley et al., 2010a, 2016); L. minimus (Taylor) (Taylor, 
1962; Ohler et al., 2011); L. nahangensis Lathrop, Murphy, 
Orlov & Ho (Lathrop et al., 1998); L. nokrekensis (Mathew 
& Sen) (Mathew & Sen, 2009); L. nyx Ohler, Wollenberg, 
Grosjean, Hendrix, Vences, Ziegler & Dubois (Ohler et al., 
2011); L. oshanensis (Liu) (Fei et al., 2009, 2010; Liu, 1950); 
L. pallidus (Rowley et al., 2016); L. pelodytoides Boulenger 
(Boulenger, 1898, 1908; Ohler et al., 2011); L. petrops Rowley, 
Dau, Hoang, Le, Cutajar & Nguyen (Rowley et al., 2017a); 





L. pictus Malkmus (Malkmus, 1992; Malkmus et al., 2002); 
L. platycephalus Dehling (Dehling, 2012); L. pluvialis Ohler, 
Marquis, Swan & Grosjean (Ohler et al., 2000, 2011), L. 
puhoatensis Rowley, Dau & Cao (Rowley et al., 2017b); L. 
pyrrhops (Poyarkov et al., 2015a); L. sabahmontanus Matsui, 
Nishikawa & Yambun (Matsui et al., 2014a), L. solus Matsui 
(Matsui, 2006); L. sungi Lathrop, Murphy, Orlov & Ho (Lathrop 
et al., 1998); L. tadungensis (Rowley et al., 2016); L. tamdil 
Sengupta, Sailo, Lalremsanga, Das & Das (Sengupta et al., 
2010); L. tengchongensis Yang, Wang, Chen & Rao (Yang 
et al., 2016); L. tuberosus Inger, Orlov & Darevsky (Inger 
et al., 1999; Rowley et al., 2010c); L. ventripunctatus Fei, 
Ye & Li (Fei et al., 1990, 2009, 2010; Ohler et al., 2011); 
and L. zhangyapingi Jiang, Yan, Suwannapoom, Chomdej & 
Che (Jiang et al., 2013). However, due to the considerable 
undiagnosed diversity within the family Megophryidae (Chen et 
al., 2017; Mahony et al., 2017; Rowley et al., 2015a, 2016), 
we relied on examination of topotypic material and/or original 
Species descriptions. 


Leptolalax 
macrops 
„Sp. nov. 


_ Leptolalax sp. 


DN 
-L. bidoupensis 


L. pallidus 


L. maculosus 


L. kalonensis 


0 km 50 


Figure 1 Map of Tay Nguyen Plateau (=Central Highlands) showing distribution of the members of the Leptolalax applebyi species 


group and sampling locations examined in this study 


Color of locality icons correspond to color bars marking Leptolalax species in Figure 2; dot in a center of a circle indicate the type locality of a species. 
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DNA isolation, PCR, and sequencing 


Total DNA was extracted from muscle tissue using standard 
phenol-chloroform extraction (Hillis et al., 1996), followed by 
isopropanol precipitation. We amplified a 454—474-bp length 
fragment of the 16S rRNA mitochondrial gene, which has been 
successfully applied for DNA-identification of cryptic diversity 
within the genus Leptolalax (Poyarkov et al., 2015a; Rowley 
et al., 2015a, 2016, 2017a, 2017b). The 16S rRNA-gene 
fragment was amplified using ScreenMix-HS (Evrogen, Russia) 
following the manufacturer's instructions. The PCR contained 
6 uL of ScreenMix-HS, 21 uL of water, 0.9 uL of each primer at 
a concentration of 10 pmol/uL, and 1.2 uL of template DNA at 
a concentration up to ca. 100 ng DNA/uL in a 30 uL reaction 
volume. 

The primers used for PCR and sequencing were: 16SL-1 
(5’-CTGACCGTGCAAAGGTAGCGTAATCACT-3’; forward) 
and 16SH-1 (5’-CTCCGGTCTGAACTCAGATCACGTAGG-3’; 
reverse) (Hedges, 1994). The PCR conditions followed 
Poyarkov et al. (2015b). The amplification protocols included: 
94 °C for 5 min of initial denaturation; followed with 35 cycles 
of denaturation at 94 °C for 1 min, annealing at 55 °C for 1 
min, and extension at 72 °C for 1 min; and a final extension at 
72 °C for 10 min. The obtained PCR products were loaded 
onto 1% agarose gels and visualized in the presence of 
ethidium bromide in a Dark Reader Transilluminator (Clare 
Chemical, USA). If distinct bands were produced, they were 
sent to Evrogen (Moscow, Russia) for subsequent purification 
and sequencing in both directions. The obtained sequences 
were checked by eye using chromatogram editor software 
DNA Baser v4.20.0; primer sequences were removed, and 
the edited sequences were submitted to GenBank under the 
accession numbers MG787987-MG787993 (Table 1). 


Phylogenetic analyses 


For phylogenetic analyses of the L. applebyi species group, we 
used 32 published sequences of 16S rRNA (Poyarkov et al., 
2015a; Rowley et al., 2015a, 2016) and seven newly obtained 
sequences of Leptolalax sp. from Phu Yen Province (Table 
1). In total, a dataset of 39 ingroup sequences was used for 
the analyses. Sequences of L. ventripunctatus, L. bourreti, L. 
pluvialis, L. firthi, and L. pictus, representing different species 
groups within Leptolalax, were used as outgroup taxa following 
Rowley et al. (2016). 

Sequences of 44 specimens of Leptolalax representatives, 
with a total length of up to 1 046 bp, were included in the final 
alignment and subjected to phylogenetic analyses. Sequences 
were initially aligned using ClustalW (Thompson et al., 1997) 
in Bioedit 7.0.5 (Hall, 1999) with default parameters. Mean 
uncorrected genetic distances (P-distances) between sequences 
and species were calculated using MEGA 7.0 (Kumar et al., 
2016). PartitionFinder v.1.1.0 (Lanfear et al., 2012) was applied 
to estimate the optimal evolutionary models used for dataset 
analysis. The best-fitting model was the GTR+l+G model 
of DNA evolution, as suggested by the Akaike Information 
Criterion (AIC), corrected Akaike Information Criterion (AlCc), 
and Bayesian Information Criterion (BIC). 
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The matrilineal genealogy was inferred using Bayesian 
inference (Bl) and maximum likelihood (ML) algorithms. 
The BI analyses were conducted in MrBayes v3.1.2 
(Huelsenbeck & Ronquist, 2001; Ronquist & Huelsenbeck, 
2003)  Metropolis-coupled Markov chain Monte Carlo 
(MCMCMO) analyses were run with one cold chain and 
three heated chains for ten million generations and sampled 
every 1 000 generations. Five independent MCMCMC runs 
were performed and 1 000 trees were discarded as burn-in. 
Confidence in topology was assessed by posterior probability 
(BI PP, Huelsenbeck & Ronquist, 2001). The ML analyses were 
conducted using Treefinder (Jobb et al., 2004) and confidence 
in node topology was tested by non-parametric bootstrapping 
with 1 000 replicates (ML BS, Felsenstein, 1985). We a priori 
regarded tree nodes with bootstrap (ML BS) values of 7096 
or greater and Bayesian posterior probabilities (BI PP) values 
over 0.95 as sufficiently resolved (Felsenstein, 2004; Hillis & 
Bull, 1993; Huelsenbeck & Hillis, 1993). The ML BS values 
between 70% and 50% (BI PP between 0.95 and 0.90) were 
treated as tendencies and nodes with ML BS values below 
50% (BI PP below 0.90) were regarded as unresolved. 


RESULTS 


Sequence variation 

The 16S rRNA dataset contained 39 ingroup and five outgroup 
Leptolalax sequences. The final alignment consisted of 1 075 
sites, with 617 conserved sites and 413 variable sites, 139 of 
which were parsimony-informative; the transition-transversion 
bias (R) was estimated as 2.14 (all data given for ingroup 
only). Substitution rates were estimated under the General 
Time Reversible (GTR) model (+1+G). Nucleotide frequencies 
were A=31.23%, T=24.47%, C=24.27%, and G=20.03%. 


Phylogenetic relationships 

Phylogenetic analysis results of the 16S rRNA gene fragment 
are shown in Figure 2. The ML and BI phylogenetic analyses 
showed essentially similar topologies, which only differed 
slightly in associations at poorly supported basal nodes. 

In general, the topology of the BI cladogram was consistent 
with results reported in previous work (Poyarkov et al., 2015a; 
Rowley et al., 2015a, 2016), suggesting monophyly of the L. 
applebyi species group (node support values 1.0/99, hereafter 
given for BI PP/ML BS, respectively) and the presence of two 
major lineages within it. Clade | encompassed three species 
inhabiting the Tay Nguyen (Kon Tum) Plateau in central Vietnam 
and northeastern Cambodia: namely, L. applebyi, L. ardens, 
and L. melicus (Figure 2). Clade Il comprised the remaining L. 
applebyi group species from the Langbian (Da Lat) Plateau of 
the Southern Annamite Mountains. Phylogenetic relationships 
within Clade Il were not sufficiently resolved: there was a 
tendency toward a more distant position for L. pyrrhops and L. 
maculosus, with the remaining lineages forming a monophyletic 
group (0.95/70) The two newly discovered populations of 
Leptolalax sp. from Phu Yen Province formed two independent 
mtDNA matrilines: that is, the Hon Den Mt. lineage and Hoa 
Thinh lineage. The sequence of Leptolalax sp. from Dak Lak 


population from Hon Den Mt., Phu Yen Province, suggesting that 
these two populations are conspecific. 


Province (indicated as “molecular lineage 7” in Rowley et al., 
2015a) shared the same mtDNA haplotype as the Leptolalax sp. 


Table 1 Specimens, localities, museum voucher IDs, and GenBank accession Nos. of the Leptolalax applebyi group members and 
Leptolalax species outgroup used for molecular analyses 








Species Locality Voucher No. GenBank accession No. 
Leptolalax applebyi Song Thanh, Quang Nam Prov., Vietnam AMS R171703 HM133597 
L. applebyi Ngoc Linh Mt., Kon Tum Prov., Vietnam AMS R173778 KR018108 
L. applebyi Ngoc Linh Mt., Kon Tum Prov., Vietnam AMS R173737 KU530188 
L. applebyi Ngoc Linh Mt., Kon Tum Prov., Vietnam AMS R173735 KU530189 
L. ardens Kon Ka Kinh, Gia Lai Prov., Vietnam AMS R176454 KR018109 
L. ardens Kon Ka Kinh, Gia Lai Prov., Vietnam AMS R176463 KR018110 
L. ardens Kon Ka Kinh, Gia Lai Prov., Vietnam AMS R176467 KRO18111 
L. bidoupensis Hon Giao Mt., Lam Dong Prov., Vietnam ASM R173133 HQ902880 
L. bidoupensis Hon Giao Mt., Lam Dong Prov., Vietnam AMS R173134 HQ902881 
L. bidoupensis Hon Giao Mt., Lam Dong Prov., Vietnam — NCSM77320 HQ902882 
L. bidoupensis Hon Giao Mt., Lam Dong Prov., Vietnam — NCSM77321 HQ902883 
L. bidoupensis Bidoup Mt., Lam Dong Prov., Vietnam ZMMU NAP- 01453 + KP017573 
L. bidoupensis Bidoup Mt., Lam Dong Prov., Vietnam ZMMU NAP-01458  KP017574 
L. kalonensis Song Luy, Binh Thuan Prov., Vietnam IEBRA2014.15 KR018114 
L. kalonensis Song Luy, Binh Thuan Prov., Vietnam AMNHA191762 KR018115 
L. kalonensis Song Luy, Binh Thuan Prov., Vietnam IEBRA2014.16 KR018116 
L. kalonensis Song Luy, Binh Thuan Prov., Vietnam AMNHA191765 KR018117 
L. macrops sp. nov. Dak Lak Prov., Vietnam AMS R177663 KR018118 
L. macrops sp. nov. Hon Den Mt., Phu Yen Prov., Vietnam IEBR A.2017.9 MG787990 
L. macrops sp. nov. Hon Den Mt., Phu Yen Prov., Vietnam PYU DTD-508 MG787991 
L. macrops sp. nov. Hon Den Mt., Phu Yen Prov., Vietnam PYU DTD-509 MG787992 
L. macrops sp. nov. Hon Den Mt., Phu Yen Prov., Vietnam ZMMU A-5823 MG787993 
L. maculosus Phuoc Binh, Ninh Thuan Prov., Vietnam AMS R177660 KR018119 
L. maculosus Phuoc Binh, Ninh Thuan Prov., Vietnam ZFMK 96600 KR018120 
L. melicus Virachey, Ratanakiri Prov., Cambodia MVZ 258197 HM133599 
L. melicus Virachey, Ratanakiri Prov., Cambodia MVZ 258198 HM133600 
L. melicus Virachey, Ratanakiri Prov., Cambodia MVZ 258199 HM133601 
L. pallidus Gia Rich, Lam Dong Prov., Vietnam USNO00510 KR018112 
L. pallidus Gia Rich, Lam Dong Prov., Vietnam USNO00512 KR018113 
L. pallidus Gia Rich, Lam Dong Prov., Vietnam USNO051 1 KU530190 
L. pyrrhops Loc Bac, Lam Dong Prov., Vietnam ZMMU A-5208 KP017575 
L. pyrrhops Loc Bac, Lam Dong Prov., Vietnam ZMMU A-4873-1 KP017576 
L. pyrrhops Loc Bac, Lam Dong Prov., Vietnam ZMMU A-4873-2 KP017577 
L. pyrrhops Loc Bac, Lam Dong Prov., Vietnam ZMMU A-4873-3 KP017578 
L. tadungensis Ta Dung, Dak Nong Prov., Vietnam USNO00515 KR018121 
L. tadungensis Ta Dung, Dak Nong Prov., Vietnam USNO00517 KR018122 
Leptolalax sp. Hoa Thinh, Phu Yen Prov., Vietnam PYU DTD-488 MG787987 
Leptolalax sp. Hoa Thinh, Phu Yen Prov., Vietnam ZMMU A-5824 MG787988 
Leptolalax sp. Hoa Thinh, Phu Yen Prov., Vietnam PYU DTD-490 MG787989 
L. bourreti Lao Cai Prov., Vietnam AMS R177673 KR018124 
L. firthi Kon Tum Prov., Vietnam AMS R 176524 JQ739206 
L. pictus Malaysia, Borneo UNIMAS 8705 KJ831295 
L. pluvialis Lao Cai Prov., Vietnam MNHN1999.5675 JN848391 
L. ventripunctatus Phongsaly Prov., Laos MNHN 2005.0116 JN848410 
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Figure 2 Bayesian inference (BI) phylogram for Leptolalax applebyi species group based on analysis of 16S rRNA sequences 


Values at nodes correspond to BI PP / ML BS support values, respectively. Sequences of L. pictus, L. pluvialis, L. ventripunctatus, L. firthi, and L. bourreti were 


used as outgroups. 


Genetic distances 

The uncorrected P-distances among and within the 16S rRNA 
gene fragment sequences of the studied Leptolalax species 
are shown in Table 2. The observed interspecific distances 
within the L. applebyi group members ranged from 4.4% 
(between L. kalonensis and L. pallidus) to 10.3% (between L. 
applebyi and L. pyrrhops) of substitutions. The uncorrected 
genetic P-distances in the ingroup and outgroup comparisons 
partly overlapped: genetic distances between the L. applebyi 
group members versus the Leptolalax taxa outgroup ranged 
from 9.2% (between L. maculosus and L. pluvialis) to 15.4% 
(between L. kalonensis and L. firthi). 

The newly discovered population of Leptolalax sp. from 
Hon Den Mt., Song Hinh District, was clearly distinct from all 
other group members in the examined 16S rRNA fragment 
sequences and appeared to be most closely related to L. 
bidoupensis from the eastern edges of Langbian Plateau (Lam 
Dong and Khanh Hoa provinces) and to a Leptolalax sp. 
population from Hoa Thinh, Tay Hoa District (Phu Yen Province) 
(P-distance=5.7% for both comparisons). The Leptolalax 
sp. population from Hoa Thinh was genetically closer to L. 
bidoupensis and L. pallidus, with a P-distance value of 4.596 
(both species from eastern Langbian Plateau). 

The observed pairwise divergence in 16S rRNA was greater 
than that usually seen among species of anurans (Vences et al., 
2005a, 2005b; Vieites et al., 2009) and was higher than distances 
between some other recognized species of the 1L. applebyi group 
(e.g., 4.496 between L. pallidus and L. kalonensis and 4.296 
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between L. ardens and L. melicus) (Table 2). 

Intraspecific genetic P-distances were 0.0% in the 
Leptolalax sp. population from Hoa Thinh, and 0.1% in the 
Leptolalax sp. from Hon Den Mt.; the five examined specimens 
of the latter species of Leptolalax from Dak Lak and Phu Yen 
provinces had two haplotypes of the 16S rRNA gene fragment. 


Taxonomy 


Our molecular data clearly indicated that the two recently 
discovered populations of Leptolalax sp. from Song Hinh (Hon 
Den Mt.) and Tay Hoa (Hoa Thinh) districts of Phu Yen Province 
belong to two independent mtDNA lineages, clearly distinct 
from each other and from the remaining members of the L. 
applebyi species group. Despite geographical proximity (^30 
km between Hon Den Mt. and Hoa Thinh), these two localities 
cradle distinct species of Leptolalax, and both appear to be new 
to science. These two potentially new species were assigned 
to the Langbian Plateau clade of the L. applebyi species group 
and appear to be closely related to L. pallidus, L. kalonensis, 
and L. bidoupensis. At the same time, the population of Hon 
Den Mt. appears to be conspecific to a Leptolalax sp. found 
in the eastern part of Dak Lak Province (7-30 km between 
localities). 

Lacking enough material for morphological comparisons, 
we tentatively indicate the Leptolalax sp. population of Hoa 
Thinh (Tay Hoa District) as a candidate new species sensu 
Vieites et al. (2009); further morphological and acoustic 
studies are necessary to clarify its taxonomic status. Based 


on genetic differentiation, phylogenetic analyses of a 16S rRNA 
fragment of mtDNA, and analyses of diagnostic morphological 
characters (see below in "Comparisons"), the population of 


Leptolalax from Hon Den Mt. in Phu Yen Province of southern 
Vietnam clearly represents a new species, which we describe 
as follows. 


Table 2 Uncorrected P-distances (percentages) between the examined 16S rRNA sequences of the Leptolalax applebyi group 


members (1-11) and Leptolalax species outgroup (12-13) 








Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
1 Leptolalax macrops sp. nov. 0.1 
2  L.ardens 6.4 0.0 
3  L.bidoupensis 57 73 0.0 
4 L. kalonensis 6.7 87 4.9 0.4 
5 L. maculosus 63 59 63 66 0.2 
6 L. melicus 82 42 69 92 77 00 
7 L. pallidus 58 69 45 44 63 80 0.0 
8 L. pyrrhops 7.2 74 77 69 55 10.2 6.3 0.2 
9 L. tadungensis 65 70 53 53 60 79 55 60 0.2 
10 L. applebyi 87 53 69 94 82 49 76 103 80 0.0 
11 Leptolalax sp. 57 83 45 58 73 83 45 74 59 85 0.0 
12 L. bourreti 12.5 10.4 12.2 13.3 11.1 10.4 124 133 129 10.9 136 — 
13 L. pluvialis 10.8 10.4 10.7 11.3 92 100 108 11.1 98 10.0 11.0 7.6 — 
14 L. pictus 12.1 11.3 13.0 12.9 12.6 120 12.0 13.7 12.8 11.8 14.3 14.0 123 — 
15 L. ventripunctatus 12.5 10.5 12.8 13.2 10.3 11.2 124 11.2 11.7 114 13.2 85 54 115 — 
16 L. firthi 13.5 12.5 13.4 15.4 12.6 12.7 13.7 13.7 12.7 13.0 14.2 10.4 10.3 12.5 88 — 


Mean uncorrected intraspecific P-distances of the ingroup are shown on the diagonal. 


Leptolalax macrops sp. nov. 
Figures 3-5, Table 3. 


Chresonymy: Leptolalax sp. [molecular lineage 7] — Rowley 
et al., 2015a: 10, 12. 


Holotype: PYU DTD-508 (field no. DTD-0508), adult male 
collected from Suoi Khi Stream, Hon Den Mt., Ea Ly and Ea 
Trol Commune border, Song Hinh District, Phu Yen Province, 
Vietnam (N12°52’47.0”, E108?49'51.1"; at an elevation of 500 
m a.s.l.), collected by Dang Trong Do on 18 August 2015 at 
2100 h. 


Paratypes: IEBR A.2017.9 (field no. DTD-507) and ZMMU 
A-5823 (field no. DTD-510), two adult males, and PYU 
DTD-509 (field no. DTD-509), one adult female, collected from 
the same locality as the holotype at elevations between 471 
and 630 m a.s.l. by Dang Trong Do on 18 August 2015 from 
1900 h to 2300 h. 


Diagnosis: The species is assigned to the genus 
Leptolalax based on the following characters: (1) finger tips 
rounded; (2) elevated inner metacarpal tubercle present, not 
continuous onto thumb; (3) body with macroglands (including 
supra-axillary, pectoral, and femoral glands); (4) vomerine teeth 
absent; (5) tubercles on eyelids present; and (6) anterior tip of 
snout with whitish vertical bar (Delorme et al., 2006; Dubois, 
1980, 1983; Lathrop et al., 1998; Matsui, 1997, 2006; Rowley et 
al., 2013). Leptolalax macrops sp. nov. is distinguished from 


its congeners by a combination of the following morphological 
characters: (1) body size medium (SVL 28.0—29.3 mm in three 
adult males, 30.3 mm in single adult female); (2) supra-axillary 
glands present, creamy white; ventrolateral glands indistinct; 
(3) tympanum externally distinct; (4) dorsal skin roughly 
granular with larger tubercles, dermal ridges on dorsum absent; 
(b) rudimentary webbing present between fingers I-II and II-III; 
rudimentary webbing between all toes; fingers and toes without 
dermal fringes; (6) in life ventral surface greyish-violet with 
rare white speckling; (7) supratympanic fold dark brown; (8) 
iris bicolored, typically golden in upper half, fading to golden 
green in lower half; (9) tibia short (TDL/SVL 0.44—0.45); and 
(10) eyes large and protuberant (ED/SVL 0.15-0.16). The 
new species is also markedly distinct from all congeners for 
which comparable 16S rRNA mitochondrial gene sequences 
are available (uncorrected genetic P-distance>5.7%). 


Etymology: Specific epithet "macrops' is a noun in the 
nominative case, derived from Greek "macros" for "large" and 
"ops" for "eye", in reference to its comparatively large eye size. 


Recommended vernacular names: We recommend 
"Big-eyed Litter Frog" as the common English name of the 
new species and the common name in Vietnamese as "Cóc 
may mát to". 


Description of holotype: Medium-sized Leptolalax specimen 
(SVL 28.0 mm); body and head in good state of preservation, 
fingers and toes partially dehydrated due to ethanol 
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preservation (Figure 3A,B). Left thigh of holotype damaged, 
skin on ventral surface of thigh dissected, with a significant 
portion of femoral muscle removed, dissection length ca. 10 
mm. Belly also dissected medially, dissection length ca. 9 mm, 
testes can be seen through dissection. 


Head: Head flattened, slightly longer than wide (HW/HL 
92.7%), top of head weakly concave; snout short (E-S/HL 
34.2%), slightly projecting beyond margin of lower jaw; slightly 
truncated in dorsal view (Figure 3A), obtusely rounded in 
ventral view (Figure 3B), gently sloping and rounded in profile 
(Figure 3C); nostril ovoid, oblique, slightly closer to tip of snout 
than to eye (Figure 3C; N-S/E-N 72.1%); canthus rostralis 
distinct, bluntly rounded; loreal region slightly concave; eyes 
very large (ED/HL 40.3%), eye diameter greater than snout 
length (ED/E-S 117.8%), notably protuberant in dorsal view in 
life (eyeballs depressed down in preserved holotype, Figure 
3C); pupil vertical, diamond-shaped; tympanum distinct, round 
with vertical diameter equal to horizontal diameter; tympanum 
small, less than half eye diameter (TyD/ED 44.0%); tympanic 
rim indistinct, not elevated relative to skin of temporal region; 
pineal ocellus absent; vomerine teeth absent; vocal sac gular, 
vocal sac openings small, oval, and slit-like, located laterally in 
corners of mouth floor; tongue long, wide, with free posterior 
end, heart-shaped with shallow medial notch at posterior tip; 
supratympanic fold well-developed forming distinct glandular 
ridge, running from posterior corner of eye posteriorly toward 
dorsal edge of tympanum, gently curving ventrally toward axilla, 
bearing several flat tubercles (Figure 3C). 


Forelimbs: Forelimbs thin, slender; finger tips in life rounded, 
but appear slightly enlarged and truncate in preservative due to 
partial dehydration, finger tips approximately same width as distal 
finger articulation; relative finger lengths: IV=I<li<lll; nuptial pad 
indistinct; subarticular tubercles absent, replaced with low dermal 
ridges prominent on fingers II-IV; inner metacarpal tubercle large, 
fused with outer one, forming single bulging callous structure, 
prominent on palmar surface (maximal length 1.3 mm); border 
between inner and outer metacarpal tubercles indistinct; fingers 
in life lack dermal fringing, basal webbing present between 
fingers | and Il and fingers II and IIl, absent between fingers III 
and IV (Figures 3D, 4A). 


Hindlimbs: Hindlimbs slender, short, tibia less than half 
snout-vent length (TbL/SVL 44.596); tibiotarsal articulation of 
adpressed limb reaching eye-level; toe tips round in life, slightly 
truncate in ethanol preservative due to partial dehydration; 
relative toe lengths: I«V«lI«III«IV; subarticular tubercles absent, 
replaced by dermal ridges, distinct on all toes and continuing 
to metatarsus of toes lll-V; inner metatarsal tubercle large, 
oval-shaped, nearly two times longer than wide (IMT to width of 
inner metatarsal tubercle ratio 186.4%), outer metatarsal tubercle 
absent; toes without lateral dermal fringes; basal webbing 
present between all five toes, webbing well-developed between 
toes | and Il, Il and Ill, and Ill and IV (reaching level of proximal 
finger articulation), and somewhat reduced between toes IV and 
V (Figures 3E, 4B). 
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Skin texture and skin glands: Skin on entire dorsum 
roughly granular, covered in tubercles of varying sizes, smaller 
dorsolaterally; upper eyelids with numerous small rounded 
tubercles (flattened in preservative, Figure 3C), snout smooth; 
ventral skin smooth; pectoral gland distinct in preservative and 
in life, round, located near axilla, 0.9 mm in diameter (Figure 
3B); femoral gland oval, small, 0.7 mm in diameter, located on 
posteroventral surface of thigh, approximately five times closer 
to knee than to vent; supra-axillary gland present, protuberant, 
creamy white, located in axillary region dorsally from insertion 
of forelimb, 0.9 mm in diameter; ventrolateral glands indistinct. 


Coloration in life: Dorsal surfaces of head and trunk dark 
brownish-grey with indistinct dark brown blotches scattered 
on posterior part of dorsum and between eyes; interorbital 
region with dark bar with indistinct edges; several light brown 
blotches of irregular shape and indistinct edges on anterior part 
of upper eyelids, scapular region, and sacrum. Dorsal surfaces 
of forelimbs and hindlimbs brownish-grey, elbows and upper 
arms dorsally much lighter with coppery orange background. 
Dark brown line running along canthus rostralis through eye, 
and continuing below supratympanic fold, terminating above 
axilla, encompassing nare, loreal region but not tympanum; 
tympanum lighter than surrounding skin of temporal region. 
Faint transverse dark brown bars on dorsal surface of thighs, 
tibia, tarsus, lower arms, fingers, and toes. Small indistinct 
dark brown blotches on flanks. Tiny whitish flecks scattered 
on dorsolateral sides of body from groin to axilla. Belly and 
chest greyish-violet with rare white speckling on entire ventral 
surface, including throat, arms, and legs. Supra-axillary gland 
creamy white; femoral glands whitish; pectoral glands white. 
Iris bright orange-gold with greenish tint in lower half and fine 
black reticulations throughout. Iris periphery lined with black. 
Sclera light yellowish-green. 


Coloration in preservative: In preservative, coloration of 
holotype significantly faded to light brown on dorsum and flanks, 
with slightly paler limbs and beige on ventral sides (Figure 
3B); dark markings on dorsal surfaces brownish, dark banding 
on dorsal surface of tibiotarsus, antebrachium, hands, and 
feet well-discernable (Figure 3A). Elbows and upper arms pale 
brown. White speckles on ventral surface not discernable. 
Macroglands creamy white. 


Measurements of holotype (in mm): SVL 28.0; HW 9.9; HL 
10.7; ED 4.3; TyD 1.9; E-T 0.8; E-S 3.7; E-N 2.0; N-S 2.1; IO 2.9; 
IN 2.3; ELW 2.7; FAL 7.1; HAL 6.2; FIL 1.8; FIIL 2.6; FIIL 4.5; 
FIVL 1.8; ToL 12.5; FeL 11.9; FOL 11.2; TFOL 17.0; IMT 1.8; 
IFE 5.0; IBE 8.5; TIL 1.1; TIIL 3.3; TIIIL 4.2; TIVL 6.3; TVL 3.0. 


Variation: All individuals in the type series were generally 
similar in morphology and body proportions; measurements 
of the type series are shown in Table 3 and representative 
photograph of male paratype in life is shown in Figure 5. Eyes 
were notably protuberant in living specimens (Figure 5). All 
specimens showed certain variation in darker brown patterns 
on dorsum and dark bands on shanks, forearms, hands, and 


feet. The single known female (PYU DTD-509) was slightly Comparisons: Leptolalax macrops sp. nov. differs from all 
larger (SVL 30.3 mm) than the holotype and two paratype other Leptolalax species in mainland Southeast Asia based on 
males. Skin texture appeared to be much less tuberculate in morphology. 

preservative (Figure 3) than in life (Figure 5). 





Figure 3 Male holotype of Leptolalax macrops sp. nov. (PYU DTD-508) in preservative (Photos by Nikolay A. Poyarkov) 
A: Dorsal view of body; B: Ventral view of body; C: Lateral view of head; D: Volar view of left hand; E: Plantar view of right foot. 
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Leptolalax macrops sp. nov. can be distinguished from all 
congeners that are not members of the L. applebyi species 
group in its overall morphology. 
nov. can be differentiated from all Leptolalax species south 
of the Isthmus of Kra currently assigned in the subgenus 
Leptolalax (L. arayai, L. dringi, L. fritinniens, L. gracilis, L. 
hamidi, L. heteropus, L. kajangensis, L. kecil, L. marmoratus, 
L. maurus, L. pictus, L. platycephalus, L. sabahmontanus, 
and L. solus) in having pectoral and ventrolateral macroglands 
(vs. absent) and supra-axillary glands (vs. absent in most 
species, except L. marmoratus). With its medium body size 
(SVL 28.0—29.3 mm in adult males, 30.3 mm in single adult 
female), the new species can be distinguished from larger 
congeners, including L. bourreti (males 28.0—36.2 mm, females 
42.0-45.0 mm), L. eos (males 33.1—34.7 mm, female 40.7 
mm), L. nahangensis (male 40.8 mm), L. platycephalus (male 
35.1 mm, female 46.0 mm), L. sungi (males 48.3—52.7 mm, 
females 56.7—58.9 mm), and L. zhangyapingi (males 47.6—50.7 
mm); and from smaller-sized species, including L. alpinus 
(males 24.0—26.4 mm), L. croceus (males 22.2—27.3 mm), L. 
isos (males 23.7-27.9 mm), L. kecil (males 19.3-20.5 mm, 
female 25 mm), L. khasiorum (males 24.5—27.3 mm), L. laui 
(males 24.8—26.7 mm), L. pluvialis (males 21.3—22.3 mm), and 
L. tengchongensis (males 23.9—26.0 mm). With its distinct 
tympanum, Leptolalax macrops sp. nov. differs from L. 
tuberosus, L. croceus, and L. sungi (vs. tympanum hidden 
in the latter species). With its roughly granular dorsum with 
larger tubercles, Leptolalax macrops sp. nov. differs from 
L. alpinus, L. bourreti, L. fuliginosus, L. gracilis, L. hamidi, L. 
heteropus, L. isos, L. kajangensis, L. kalonensis, L. liui, L. 
melanoleucus, L. minimus, L. nahangensis, L. oshanensis, L. 
pelodytoides, L. pictus, and L. pluvialis (vs. mostly smooth 
skin with or without skin ridges) and from L. croceus and 
L. tuberosus (vs. highly tuberculate dorsum). With its 
greyish-violet ventral surface with rare white speckling, the 
new species also differs from L. croceus (vs. orange belly); 
from L. aereus, L. bourreti, L. eos, L. firthi, L. fuliginosus, 
L. isos, L. khasiorum, L. lateralis, L. laui, L. liui, L. minimus, 
L. nahangensis, L. nokrekensis, L. nyx, L. oshanensis, L. 
pelodytoides, L. solus, L. sungi, L. tamdil, L. tuberosus, and 
L. zhangyapingi (vs. mostly white, creamy white, or pale grey 
ventral surfaces with or without dark spots or mottling); from 
L. alpinus, L. maoershanensis, L. melanoleucus, L. pluvialis, 
L. tengchongensis, and L. ventripunctatus (vs. large patches 
of distinct brown/grey and white marbling or blotches); from 
L. petrops (vs. pale pink and slightly translucent belly, ventral 
surface of chest and abdomen immaculate white); and from L. 
kecil (vs. uniformly dark venter with large, dark orange pectoral 
glands). The new species can be further distinguished from 
L. aereus, L. croceus, L. eos, L. firthi, L. isos, L. laui, and L. 
tuberosus by having a supratympanic fold with a distinct dark 
brown to black line (vs. dark supratympanic line absent in the 
latter species). With its toes showing basal webbing and no 
lateral fringing, Leptolalax macrops sp. nov. can be diagnosed 
from L. aereus, L. eos, L. firthi, L. isos, L. khasiorum and L. 
tamdil (vs. extensive toe webbing and distinct lateral fringes 
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Leptolalax macrops sp. 


on toes). The new species can be further differentiated from 
L. botsfordi (Lao Cai Province, northern Vietnam) by having a 
bicolored golden green iris (vs. uniformly brownish-golden iris), 
greyish-violet ventral coloration (vs. reddish-brown belly with 
white speckling), and roughly granulate dorsum (vs. weakly 
shagreened dorsum in L. botsfordi). Leptolalax macrops sp. 
nov. can be further diagnosed from L. puhoatensis (Nghe An 
Province, northern Vietnam) by its larger size in males (SVL 
28.0—29.3 vs. SVL 24.2-28.1 mm), roughly granulate dorsum, 
not forming dermal ridges in life (vs. distinct dermal ridges 
present), and tympanum lighter than supratympanic fold (vs. 
tympanum completely dark). 


A 





2mm 





Figure 4 Volar surface of left hand and plantar surface of right 
foot of preserved holotype of Leptolalax macrops sp. nov. 
(PYU DTD-508) (Drawings by Valentina D. Kretova) 

Scale bar: 2 mm. 


Leptolalax macrops sp. nov. is most similar to members of 
the L. applebyi species group inhabiting the Central Highlands 
of central and southern Vietnam and the northeastern part of 
Cambodia, including L. applebyi, L. ardens, L. bidoupensis, L. 
kalonensis, L. maculosus, L. melicus, L. pallidus, L. pyrrhops, 
and L. tadungensis. Superficially, the new species resembles 
L. pyrrhops, another medium-sized member of the L. applebyi 
species group with large eyes, distributed in the western part 
of Langbian Plateau (Lam Dong Province) (Poyarkov et al., 
2015a). Comparisons of the new species with members of the 
L. applebyi species group are thus appropriate. 

From other members of the L. applebyi species group, 
Leptolalax macrops sp. nov. can be distinguished by a 
combination of morphological characters (Rowley et al., 2016; 
the following morphometric differences refer to males only). In 


body size, Leptolalax macrops sp. nov. (SVL 28.0-29.3 mm, 
mean 28.6 mm, n-3) differs from all other members of the L. 
applebyi species group, except for L. kalonensis, including 
smaller species L. applebyi, L. ardens, L. bidoupensis, L. 
maculosus, L. melicus, L. pallidus, and L. tadungensis (vs. 
SVL 19.6-22.3 mm, mean 20.8 mm, n-9, in L. applebyi; 
SVL 21.3-24.7 mm, mean 22.8 mm, n=16, in L. ardens; SVL 
18.5—25.4 mm, mean 23.6 mm, n-12, in L. bidoupensis; SVL 
24.2-26.6 mm, mean 25.5 mm, n-3, in L. maculosus; SVL 
19.5-22.7 mm, mean 20.7 mm, n=8, in L. melicus; SVL 
24.5-27.7 mm, mean 25.6 mm, n=8, in L. pallidus; SVL 
23.3—28.2 mm, mean 25.0 mm, n-10, in L. tadungensis), and 
larger species L. pyrrhops (vs. SVL 30.8-34.3 mm, mean 33.2 
mm, n=7, in L. pyrrhops). The new species differs from other 
members of the L. applebyi species group, with the exception 
of L. pyrrhops, in having a much larger eye diameter (ED/SVL 
0.15-0.16, mean 0.16, n=3, in the new species vs. 0.10—0.13, 
mean 0.12, n=9, in L. applebyi; vs. 0.12-0.14, mean 0.13, 
n=16, in L. ardens; vs. 0.11—0.14, mean 0.12, n=12, in L. 
bidoupensis; vs. 0.12—0.15, mean 0.13, n=16, in L. kalonensis; 


À —Á z 1 « : 
Figure 5 Male paratype of Leptolalax macrops sp. nov. (IEBR A.2017.9) in life (Photo taken in situ. Photo by Dang Trong Do) 


Leptolalax macrops sp. nov. is unique among members of 
the L. applebyi species group in having rudimentary webbing 
between fingers I-II and II-III (vs. finger webbing absent in 
other species) and in having rudimentary webbing between 
its toes (vs. toe webbing absent in L. ardens, L. kalonensis, 





vs. 0.12—0.14, mean 0.13, n=3, in L. maculosus; vs. 0.13—0.14, 
mean 0.13, n=8, in L. melicus; vs. 0.12—0.14, mean 0.13, 
n-8, in L. pallidus; vs. 0.11—0.14, mean 0.13, n=10, in L. 
tadungensis). Leptolalax macrops sp. nov. has a narrower 
head than that of L. maculosus (HW/SVL 0.35-0.36, mean 
0.36, n=3 vs. 0.37-0.38, mean 0.37, n=3) and L. pyrrhops 
(HL/HW 1.03-1.08, mean 1.06, n=3 vs. 1.12—1.31, mean 1.14, 
n=7). The new species has a shorter eye-tympanum distance 
(E-T/SVL 0.03-0.03, mean 0.03, n=3) than L. maculosus (vs. 
E-T/SVL 0.04—0.05, mean 0.04, n=3), L. pallidus (vs. E-T/SVL 
0.04-0.06, mean 0.05, n=8), and L. pyrrhops (vs. E-T/SVL 
0.04—0.06, mean 0.05, n=7). Leptolalax macrops sp. nov. has 
a shorter tibia (ToL/SVL 0.44—0.45, mean 0.45, n=3, in the new 
species) than that of L. kalonensis (vs. TbL/SVL 0.45-0.52, 
mean 0.48, n=16), L. maculosus (vs. TbL/SVL 0.48—0.50, 
mean 0.50, n=3), L. pallidus (vs. TbL/SVL 0.45-0.51, mean 
0.49, n=8), and L. pyrrhops (vs. TbL/SVL 0.48—0.50, mean 
0.50, n=7). 


L. maculosus, L. pallidus, and L. tadungensis). Leptolalax 
macrops sp. nov. can be further distinguished from most 
L. applebyi species group members, except for L. pallidus 
and L. pyrrhops, in having roughly granulate skin on dorsum 
with larger tubercles (vs. smooth to weakly shagreened skin 
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in L. applebyi, L. ardens, L. bidoupensis, L. kalonensis, L. 
maculosus, L. melicus, and L. tadungensis); L. pallidus has 
tuberculate skin and L. pyrrhops has dorsum varying from 
finely shagreened to tuberculate. By lacking dermal fringes on 
its toes, Leptolalax macrops sp. nov. can be distinguished 


from L. bidoupensis, L. maculosus, and L. tadungensis (vs. 


weak or distinct lateral fringes on toes). In having creamy 
white supra-axillary glands, the new species differs from 


other species of the L. applebyi species group, except for 
L. applebyi and L. bidoupensis, all of which have copper 
to orange supra-axillary glands. The new species can be 
further distinguished from L. pallidus by having a distinct black 
supratympanic line (vs. black supratympanic line absent). With 
its golden/greenish bicolored iris, Leptolalax macrops sp. nov. 
can be further distinguished from L. applebyi, L. ardens, L. 
melicus, and L. tadungensis (vs. uniform coloration of iris). 


Table 3 Measurements of the type series of Leptolalax macrops sp. nov. 





Specimen Holotype Paratype Paratype Mean(M) SD (M) Paratype 
character PYU DTD-508 IEBRA.2017.9 ZMMU A-5823 PYU DTD-509 
Sex M M M F 
SVL 28.0 29.3 28.3 28.6 0.7 30.3 
HW 9.9 10.6 10.1 10.2 0.4 11.2 
HL 10.7 10.9 10.7 10.8 0.1 11.9 
ED 4.3 4.5 4.5 4.4 0.1 4.8 
TyD 1.9 1.9 1.9 1.9 0.0 2.1 
E-T 0.8 0.8 0.8 0.8 0.0 1.0 
E-S 3.7 4.0 4.1 3.9 0.2 4.3 
E-N 2.0 2.0 2.1 2.0 0.1 2.4 
N-S 1.4 1.4 1.5 1.5 0.1 1.9 
IO 2.9 3.0 2.9 2.9 0.1 3.2 
IN 2.3 2.3 2.4 2.3 0.0 2.5 
ELW 2.7 2.9 2.8 2.8 0.1 3.1 
FAL 7.1 7.7 7.8 7.8 0.3 7.9 
HAL 6.2 6.9 6.4 6.5 0.4 7.1 
FIL 1.8 1.9 1.9 1.9 0.1 2.0 
FIIL 2.6 2.8 2.5 2.6 0.2 2.9 
FIIL 4.5 4.8 4.6 4.6 0.2 5.2 
FIVL 1.8 2.3 2.3 2.2 0.3 3.0 
TbL 12.5 13.3 12.8 12.8 0.4 14.3 
FeL 11.9 13.1 12.6 12.5 0.6 13.8 
FOL 11.2 12.5 11.5 11.7 0.7 13.9 
TFOL 17.0 19.4 17.5 18.0 1.3 20.3 
IMT 1.8 2.2 2.1 2.0 0.2 2.4 
SVL/HL 2.6 2.7 2.6 2.6 0.0 2.5 
HL/HW 1.1 1.0 1.1 1.1 0.0 1.1 
SVL/TbL 2.2 2.2 2.2 2.2 0.0 2.1 
ED/SVL 0.2 0.2 0.2 0.2 0.0 0.2 





SD: standard deviation; M: male; F: female; for other abbreviations see the Materials and Methods. All measurements are in mm. 


Distribution: The new species is currently known from only 
two sites (~30 km from each other) in the tropical evergreen 
forests of Phu Yen Province (Hon Den Mt., Ea Ly and Ea 
Trol Commune border, Song Hinh District) and Dak Lak 
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Province (Chu Mu Mt., M’Drak District, based on molecular 
data from Rowley et al., 2015a). The new species inhabits 
the northeastern outcrops of the Langbian Plateau. In Phu 
Yen Province, Leptolalax macrops sp. nov. was recorded at 


elevations between 471 and 630 m a.s.l.. The distribution of 
the new species may be quite narrow, possibly restricted to a 
small mountain ridge located on the border of Dak Lak, Khanh 
Hoa, and Phu Yen provinces. 


Ecological notes: Leptolalax macrops sp. nov. is currently 
known only from evergreen tropical forests on the border of 
Phu Yen, Dak Lak, and Khanh Hoa provinces. All specimens 
of the new species were found along cascade rocky streams at 
elevations between 471—630 m a.s.l. (Figure 6). Surrounding 
habitat was evergreen tropical forest of large and medium 
hardwoods and shrubs, with varying degrees of disturbance. 
Animals were collected at night between 1900—2300 h. Both 
males and females were found on rocks mid-stream and up to 
1 m from the streams. 

Leptolalax macrops sp. nov. is known to occur in 
syntopy with Microhyla berdmorei (Blyth) (Do et al., 2017b). 
Other anuran species recorded in Song Hinh District include 
Ophryophryne cf. synoria Stuart, Sok & Neang (indicated 
as O. hansi Ohler by Do et al, 2017b, identification 
following Poyarkov et al., 2017); Calluella guttulata (Blyth); 
Kalophrynus cf. honbaensis Vassilieva, Galoyan, Gogoleva & 
Poyarkov (Vassilieva et al., 2014); Kaloula indochinensis Chan, 
Blackburn, Murphy, Stuart, Emmett, Ho & Brown; Microhyla 





Figure 6 Typical habitat (A) and microhabitat (B) of Leptolalax macrops sp. nov. in type locality: Suoi Khi Stream, Hon Den Mt., Ea 


mukhlesuri Hasan, Islam, Kuramoto, Kurabayashi & Sumida 
(identification following Poyarkov et al., 2014, Yuan et al., 
2016); Microhyla pulchra (Hallowell), Fejervaria limnocharis 
(Gravenhorst); Limnonectes cf. bannaensis Ye, Fei & Jiang; 
Limnonectes poilani (Bourret); Occidozyga lima (Gravenhorst); 
Sylvirana nigrovittata (Blyth); Odorrana cf. morafkai (Bain, 
Lathrop, Murphy, Orlov & Ho); Polypedates mutus (Smith), and 
Rhacophorus annamensis Smith (data from Do et al., 2015, 
2017b). 


Conservation status: To date, the new species is only known 
from a small montane area on the border of Dak Lak, Khanh 
Hoa, and Phu Yen provinces. It is likely that the range of 
Leptolalax macrops sp. nov. is quite narrow. The species 
probably inhabits Ea So Nature Reserve (Dak Lak Province); 
however, additional research in this area is needed. The new 
species appears to require closed evergreen forest along the 
streams where it occurs. Areas of low to middle elevation 
montane tropical forest are greatly endangered in the southern 
coastal areas of Vietnam, including Phu Yen Province. Given 
the available information, we suggest the species should 
be considered as Data Deficient following the IUCN’s Red 
List categories (IUCN, 2001) until the distribution and habitat 
requirements of the new species are more fully documented. 





Ly and Ea Trol commune border, Song Hinh District, Phu Yen Province, Vietnam (Photos by Dang Trong Do) 


Frogs were recorded along a cascading stream. 


DISCUSSION 


Our molecular data revealed hidden diversity of the L. applebyi 
species group, with additional herpetological surveys in 
mountain areas of Indochina possibly leading to the discovery 
of further new lineages and species of Leptolalax. Our 
finding brings the number of recognized species of the genus 
Leptolalax to 54, and the number of Leptolalax species known 


from Vietnam to 24. 

The herpetofauna of the Phu Yen Province is poorly studied 
compared to the adjacent provinces of Dak Lak and Khanh 
Hoa. Nguyen et al. (2009) recorded 12 species of reptiles 
and only five species of amphibians from this province. Ziegler 
et al. (2013) described a new species of bent-toed gecko, 
Cyrtodactylus kingsadai Ziegler, Phung, Le & Nguyen, from 


Zoological Research 39(3): 185-201, 2018 197 


Tuy Hoa District in the eastern part of Phu Yen Province. 
Recently, Do et al. (2017a) reported Lycodon cardamomensis 
Daltry & Wüster for the first time from Vietnam based on 
a single specimen collected from Phu Yen Province. More 
recently, Do et al. (2017b) reviewed the available data on 
amphibian species found in Phu Yen Province, and added eight 
new provincial records and listed 33 species of amphibians for 
the province. The present paper describes a new species of 
Leptolalax from the Song Hinh District. We also recorded a 
previously undescribed lineage of Leptolalax sp. from Tay Hoa 
District of Phu Yen Province; however, further morphological 
and molecular research is required to clarify the taxonomic 
status of this population. 

Tropical forests are greatly endangered throughout 
Southeast Asia, including Vietnam. Compared with the 
hard-to-access montane tropical forests in the Annamite 
Mountains, evergreen tropical forests in lowland and foothill 
areas of the southern coastal region of Vietnam are more 
endangered; most areas of lowland tropical forest are already 
destroyed due to logging and other human activities (De 
Koninck, 1999; Laurance, 2007; Meijer, 1973; Meyfroidt & 
Lambin, 2008). However, despite their accessibility, the many 
remaining patches of tropical forest could cradle still unknown 
biodiversity, which makes the need for biological exploration in 
this region even more urgent. 


ADDENDUM 


During the revision process of the present manuscript, a 
new paper by Nguyen et al. (2018) was published providing 
description of Leptolalax rowleyae: Nguyen, Poyarkov, Le, 
Vo, Phan, Duong, Murphy & Nguyen, 2018, a new species 
of the L. applebyi group from the Son Tra Peninsula in Da 
Nang City, central Vietnam (published on 1 March 2018). 
We were unable to include L. rowleyae in the comparisons 
section or phylogenetic analysis in the present manuscript; 
however, it is markedly distinct from the new species in a 
number of morphological attributes: by smaller body size: 
SVL 23.4—25.4 mm in males and 27—27.8 mm in females (vs. 
SVL 28.0-29.3 mm in adult males and 30.3 mm in single 
adult female of the new species); by pinkish milk-white to 
light brown ventral surface with numerous white speckles (vs. 
greyish-violet ventral surface with rare white speckling in the 
new species); and by much smaller eyes, ED/SVL 0.08-0.11 
in males (vs. ED/SVL 0.15-0.16 in males of the new species) 
(data from Nguyen et al., 2018). The new species can also 
be distinguished from L. rowleyae by deep divergence in the 
16S rRNA mtDNA gene (P-distance 12.60%) and phylogenetic 
position (the new species is mentioned as "Leptolalax sp.” in 
the work of Nguyen et al., 2018: Figure 1). 


In addition, a recently accepted manuscript by Chen et al. 


(2018) (published online on 10 March 2018) provides a novel 
multi-locus phylogenetic hypothesis for the genus Leptolalax, 
describing the latter as a synonym of the genus Leptobrachella 
Smith, 1925. Due to the simultaneous review period of the 
present paper and the work of Chen et al. (2018), we 
were unable to implement the new taxonomy at the stage 


198 www.zoores.ac.cn 


of submission and reviewing process. We suggest that the 
new species Leptolalax macrops sp. nov. should hereafter 
be referred to as Leptobrachella macrops Duong, Do, Ngo, 
Nguyen & Poyarkov to reflect the revised taxonomy. 
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APPENDIX I 


Examined material, museum IDs given in bold. 

Abbreviations: VNMN: Vietnam National Museum of Nature, Hanoi 
(Vietnam); ZMMU: Zoological Museum of Lomonosov Moscow State 
University, Moscow (Russia); ZISP: Zoological Institute R.A.S., St. 
Petersburg (Russia). 

Leptolalax aereus: ZISP 12042-12045 (Vietnam, Quang Binh Pr., Phong 
Nha - Ke Bang N.P.; 4 sp.); ZMMU A-5214 (Vietnam, Quang Binh Pr., Phong 
Nha — Ke Bang N.P.; 2 sp.). 

Leptolalax applebyi: ZMMU A-5529 (Vietnam, Thua Thien - Hue Pr., A 
Roang area; 15 sp.); ZMMU A-5556 (Vietnam, Thua Thien - Hue Pr., A 
Roang area; 1 sp.). 


Leptolalax ardens: ZMMU NAP-06099-06100 (Vietnam, Gia Lai Pr., Kon Ka 
Kinh N.P., 2 sp.). 

Leptolalax bidoupensis: ZMMU A-4717 (Vietnam, Lam Dong Pr., Bidoup — 
Nui Ba N.P., Bidoup Mt.; 1 sp.); ZMMU A-4797 (Vietnam, Lam Dong Pr., 
Bidoup — Nui Ba N.P., Bidoup Mt., Hon Giao Mt.; 4 sp.); ZMMU A-5211 
(Vietnam, Lam Dong Pr., Bidoup — Nui Ba N.P., Bidoup Mt.; 1 sp.). 
Leptolalax bourreti: ZISP 12046, ZISP 12048 (Vietnam, Lao Cai Pr., Sa Pa, 
Hoang Lien N.P.; 2 sp.); ZMMU A-5220 (Vietnam, Lao Cai Pr., Sa Pa, Hoang 
Lien N.P; 1 sp.); ZISP 12048-12050 (Vietnam, Lao Cai Pr., Van Ban N.R.; 
3 sp.); ZMMU A-5219 (Vietnam, Lao Cai Pr., Van Ban N.R.; 1 sp.); ZMMU 
A-5031 (Vietnam, Lao Cai Pr., Sa Pa, Tram Don, Fansipan Mt., Hoang Lien 
N.P.; 6 sp.). 

Leptolalax firthi: ZISP 12091, ZISP 12058, ZISP 12051-12057, ZISP 
12092-12093 (Vietnam, Kon Tum, Ngoc Linh N.P., Dac Glei; 11 sp.); ZMMU 
A-5210 (Vietnam, Kon Tum, Ngoc Linh N.P., Dac Glei; 5 sp.). 

Leptolalax heteropus: ZMMU NAP-06788 (Malaysia, Perak, Larut hills; 1 
Sp.). 

Leptolalax nahangensis: ZMMU VNH10, ZMMU VNH16 (Vietnam, Bak Kan 
Pr., Na Hang; 2 sp.). 

Leptolalax nyx: ZISP12059—12061 (Vietnam, Ha Giang Pr., Ha Giang; 3 sp.). 
Leptolalax pallidus: ZMMU NAP-01740 (Vietnam, Lam Dong Pr., Bidoup — 
Nui Ba N.P., Giang Ly St.; 1 sp.); ZMMU ABV-00453 (Vietnam, Lam Dong 
Pr., Bidoup — Nui Ba N.P., Bidoup Mt.; 1 sp.). 

Leptolalax petrops: ZMMU NAP-06537; ZMMU NAP-06565; ZMMU 
NAP-06567 (Vietnam, Phu Tho Pr., Xuan Son N.P.). 

Leptolalax pluvialis: ZISP 12075-12081 (Vietnam, Lao Cai Pr., Sa Pa, 
Hoang Lien N.P., Tram Don; 7 sp.); ZMMU A-5209 (Vietnam, Lao Cai Pr., 
Sa Pa, Hoang Lien N.P., Tram Don; 4 sp.); ZMMU A-5222 (Vietnam, Lao Cai 
Pr., Sa Pa, Tram Don, Fansipan Mt.; 8 sp.). 

Leptolalax pyrrhops: ZMMU A-5208 (Vietnam, Loc Bac Forest Enterprise, 
Loc Bao Comm., Bao Lam Distr., Lam Dong Pr., Vietnam; holotype); ZMMU 
A-4873 (Vietnam, Loc Bac Forest Enterprise, Loc Bao Comm., Bao Lam 
Distr., Lam Dong Pr., Vietnam; 6 sp., paratypes); ZISP 12041 (Vietnam, 
Loc Bac Forest Enterprise, Loc Bao Comm., Bao Lam Distr., Lam Dong Pr., 
Vietnam; paratype); VNMN A2015.02 (Vietnam, Loc Bac Forest Enterprise, 
Loc Bao Comm., Bao Lam Distr., Lam Dong Pr., Vietnam; paratype). 
Leptolalax sungi: ZMMU A-4349 (Vietnam, Ha Giang Pr., Ha Giang; 3 sp.). 
Leptolalax tuberosus: ZMMU A-4110 (Vietnam, Kon Tum Pr., Kon Plong; 1 
Sp.); ZISP 12094-12095 (Vietnam, Kon Tum Pr., Kon Plong; 2 sp.); ZMMU 
A-5213 (Vietnam, Kon Tum Pr., Kon Plong; 1 sp.). 

Leptolalax ventripunctatus: ZMMU A-5223 (Vietnam, Dien Bien Pr., 
Muong Nhe N.R., Sin Hau St.; 12 sp.); ZMMU A-5156 (Vietnam, Dien Bien 
Pr., Muong Nhe N.R., Sin Hau St.; 5 sp.); ZMMU A-5225 (Vietnam, Phu Tho, 
Xuan Son N.P.; 3 sp.); ZMMU A-5224 (Vietnam, Phu Tho, Xuan Son N.P.; 
1 sp.); ZISP 12062-12074 (Vietnam, Vinh Phuc Pr., Tam Dao N.P.; 13 sp.); 
ZMMU A-5212 (Vietnam, Vinh Phuc Pr., Tam Dao N.P.; 5 sp.). 
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ABSTRACT 


We describe a new karst-dwelling Cyrtodactylus from 
Ban Thathom, Xiangkhoang Province, northeastern 
Laos. The new species can be distinguished from 
other congeners by having four dark dorsal bands 
between limb insertions, a discontinuous nuchal loop, 
10 precloacal pores in males or 10—12 precloacal pits 
(females) separated by a diastema from a series of 
enlarged femoral scales bearing 18 or 19 pores (male) 
or 8—10 pits (females) along each femur, 14—18 dorsal 
tubercle rows at midbody, no precloacal groove, 30—36 
midbody scale rows across belly between ventrolateral 
skin folds, transversely enlarged subcaudal plates, and 
a maximal known snout-vent length of 75.5 mm. Our 
description brings to 22 the number of Cyrtodactylus 
species recorded from Laos. 


Keywords: Indochinese region; Karst; Limestone; 
Herpetology; Taxonomy; New species 


INTRODUCTION 


The diversity of the gecko genus Cyrtodactylus has increased at 
a phenomenal rate. Of the more than 250 species recognized 
within the genus, about 80% of the diversity has been described 
in the twenty-first century (Uetz et al., 2018). Numbers of 
Cyrtodactylus species in Thailand and Vietnam have shown 
considerable expansion, including at least 33 and 39 recognized 
species in each country, respectively (Pauwels et al., 2016). 
Moreover, several species remain to be named in Vietnam, in 
particular within the Cyrtodactylus irregularis species complex 
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(Nguyen et al., 2017). Although Laos is located between these 
two species-rich countries and harbors a varied geological relief 
propitious to micro-endemism, its Cyrtodactylus fauna is currently 
known to include only 21 species (Luu et al., 2016a; Nazarov et 
al., 2014). Such low species number may be due to the fewer 
herpetological surveys conducted in Laos compared to Vietnam 
and Thailand, particularly on the karst reliefs (Teynié & David, 
2014). 

Our team co-described five of the Cyrtodactylus species 
currently recorded from Laos (Nazarov et al., 2014; Ngo & 
Pauwels, 2010), and we are pursuing our efforts to better 
inventory the diversity of the genus in this country. 

During fieldwork in the forested karst massifs in the Laotian 
province of Xiangkhoang, we (A.S.C. and E.L.K.) encountered 
three geckos that differed in color pattern and scalation from 
known species, and which we show hereafter to belong to 
an undescribed species. Morphological characters, such as 
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scalation and dorsal color and pattern, indicate that this 
newly discovered Cyrtodactylus population clearly belongs to 
the C. phongnhakebangensis species group sensu Luu et 
al. (2016a), which includes a dozen species from Laos and 
Vietnam. In agreement with the definition of this group provided 
by Luu et al. (2016a: 132), this new species exhibits a 
maximum adult SVL comprised between 73.0 and 100.6 mm, 
O or 1 supranasal, a DorTub (14—18) between 10 and 24, no 
webbing between fingers or toes, tubercles nearly absent on 
forelimbs but present on hind limbs, precloacal and femoral 
pores in males (in total 47) between 20 and 60, number 
of postcloacal tubercles (5 or 6 in male) between 3 and 8, 
enlarged subcaudals, and dorsum displaying well-defined dark 
bands. 


MATERIALS AND METHODS 


Sampling 

Field surveys were conducted in Xiangkhoang Province, 
Laos, from May to July 2008 within the frameworks of the 
Memorandum of Understanding (MOU) on the Academic and 
Scientific Cooperation between the National University of Laos 


and Kaluga State University, Russia (MOU No. 72 20-11-2012). 


Specimens were collected by hand from 1900 h to 2300 
h. Specimens were photographed in life and subsequently 
euthanized in a closed vessel with a piece of cotton wool 
containing ethyl acetate (Simmons, 2002). Tissue samples 
were preserved separately in 95% ethanol and specimens 
were fixed in 8596 ethanol, after which they were transferred 
to 7096 ethanol for permanent storage. Specimens were 
subsequently deposited in the herpetological collection of the 
Zoological Institute of the Russian Academy of Science (ZISP) 
and in the herpetological collection of the Zoological Museum 
of Lomonosov Moscow State University (ZMMU), Moscow, 
Russia. 

The specimens accessed for molecular analyses are 
listed in Table 1. Our sampling is to date the most 
comprehensive sampling covering all known lineages of the C. 
phongnhakebangensis species complex. A map showing the 
distribution of the C. phongnhakebangensis species complex 
in Laos and adjacent territories and the location of the 
sampling site for the present work is provided in Figure 
1. Museum abbreviations used are listed as follows: CAS: 
California Academy of Sciences, San Francisco; CUMZ 
R: Chulalongkorn University Museum of Zoology (Reptiles), 
Bangkok; IRSNB: Institut Royal des Sciences Naturelles 
de Belgique, Brussels; KZM: Khorat Zoo Museum, Nakhon 
Ratchasima; MNHN: Muséum National d'Histoire Naturelle, 
Paris; PSUZC-RT: Prince of Songkhla University Zoological 
Collection, Reptile Section, Songkhla; QSMI: Queen Saovabha 
Memorial Institute, Thai Red Cross Society, Bangkok; THNHM: 
Thailand Natural History Museum, National Science Museum, 
Technopolis, Pathum Thani; ZMMU: Zoological Museum, 
Moscow State University, Moscow; ZISP: Zoological Institute, 
Saint Petersburg. Comparisons with congeneric species are 
based on literature data and on direct examination of preserved 
specimens (Appendix I). 


Morphological descriptions 


Measurements and meristic counts follow Pauwels et al. 
(2016). Measurements were taken on the right side. Paired 
meristic characters are given in left/right order. Numbers 
of supralabial and infralabial scales were counted from the 
largest scale immediately posterior to the dorsal inflection of 
the posterior portion of the upper jaw to the rostral and mental 
scales, respectively; the number of longitudinal rows of body 
tubercles was counted transversely across the center of the 
dorsum from one ventrolateral skin fold to the other; the number 
of longitudinal rows of ventral scales was counted transversely 
across the center of the abdomen from one ventrolateral skin 
fold to the other; subdigital lamellae beneath the toes were 
counted from the base of the first phalanx to the claw; dorsal 
dark bands between limb insertions are those strictly contained 
on the dorsum between the posterior insertion of the anterior 
limbs and the anterior insertion of the posterior limbs. In 
previous literature, dorsal bands often include those contained 
between the anterior insertion point of the anterior limbs and 
the posterior point of insertion of the posterior limbs, thus 
interspecific comparisons on band numbers were performed 
with caution. 

The following measurements were taken with a digital caliper 
to the nearest 0.1 mm: AG: axilla to groin length, taken from 
the posterior margin of the forelimb at its insertion point on the 
body to the anterior margin of the hind limb at its insertion 
point on the body; EarL: ear length, the greatest horizontal 
distance of the ear opening; ForeaL: forearm length, taken 
on the dorsal surface from the posterior margin of the elbow 
while flexed 90? to the inflection of the flexed wrist; HeadH: 
head height, the maximum height of head from the occiput 
to the throat; HeadL: head length, from the posterior margin 
of the retroarticular process of the lower jaw to the tip of the 
snout; HeadW: head width, measured at the angle of the jaws; 
Internar: internarial distance, measured between the nares 
across the rostrum; Interorb: interorbital distance, measured 
between the anterior edges of the orbits; ML: mental length, 
the maximum length of mental shield; MW: mental width, the 
maximum width of mental shield; NosOrb: nostril to orbit 
distance, from the posterior margin of the external nares to the 
anterior margin of the orbit; OrbD: orbit diameter, the greatest 
horizontal diameter of the orbit; OrbEar: orbit to ear distance, 
from the anterior edge of the ear opening to the posterior edge 
of the orbit; RH: rostral height, the maximum height of the 
rostral shield; RW: rostral width, the distance between border 
of rostral shield and the first supralabial scales on right and 
left sides; SnOrb: snout to orbit distance, from the tip of the 
snout to the anteriormost margin of the orbit; SVL: snout-vent 
length, taken from the tip of snout to the vent; TailL: tail length, 
taken from the vent to the tip of the tail, original or regenerated; 
TailW: tail width, taken at the base of the tail immediately 
posterior to the postcloacal swelling; TibiaL: tibia length, taken 
on the ventral surface from the posterior surface of the knee 
while flexed 90? to the base of heel. Meristic characters 
abbreviations: DorTub: number of longitudinal rows of dorsal 
tubercles at midbody; EnlFemSc: enlarged femoral scales; 
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FemPi: femoral pits; FemPo: femoral pores; FemPreclPo: 
number of femoral and precloacal pores in continuous series; 
IL: infralabial scales; InterorbSc: interorbital scales; ParaTub: 
number of paravertebral tubercles between the limbs insertions, 
counted in a straight line immediately left of the vertebral 
column; PreclPi: precloacal pits (shallow depressions without 


waxy exudates); PreclPo: precloacal pores (deeper than 
pits, and with waxy exudates); SL: supralabial scales; SLF4: 
subdigital lamellae beneath 4" finger (basal and distal lamellae 
combined); SLT4: subdigital lamellae beneath 4'^ toe (basal 
and distal lamellae combined); Ven: number of ventral scale 


rows. 





Figure 1 General distribution of the genus Cyrtodactylus in Laos and surrounding areas 


For detailed locality information see Appendix Il. Icon colors correspond to the species groups as shown in Figure 2: A: Yellow, C. interdigitalis species group; 


B: Green, C. pulchellus species group; C: Red, C. wayakonei species group; D: Blue, C. irregularis species group; E: Purple, C. phongnhakebangensis species 


group; dot in icon center indicates type locality; large dot indicates type localities for several species of Cyrtodactylus. MYN—Myanmar. 


DNA isolation, PCR, and sequencing 


For molecular phylogenetic analyses, total genomic DNA 
was extracted from ethanol-preserved femoral muscle tissue 
(Table 1) using standard phenol-chloroform-proteinase K (final 
concentration 1 mg/mL) extraction procedures with consequent 
isopropanol precipitation (protocols followed Hillis et al., 1996 
and Sambrook et al., 1989). The isolated total genomic DNA 
was visualized using agarose electrophoresis in the presence 
of ethidium bromide. The concentration of total DNA was 
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measured in 1 uL using NanoDrop 2000 (Thermo Scientific, 
USA), and consequently adjusted to ca. 100 ng DNA/uL. 

The mitochondrial cytochrome oxidase subunit | (CO/) was 
selected as a genetic marker to clarify the taxonomic position 
of the newly discovered population of Cyrtodactylus. A 
total of 655 bp of CO/ was amplified using a mitochondrial 
marker widely used as a barcoding marker for vertebrates, 
including both reptiles and amphibians (Murphy et al., 
2013; Nagy et al, 2012; Smith et al, 2008) and 


which proved to be useful for species identification and 
assessment of cryptic diversity in various groups of 
lizards, including the genus Cyrtodactylus (Brennan et al., 
2017; Hartmann et al., 2013; Luu et al., 2016a; Nazarov et 
al., 2012, 2014; Nguyen et al., 2013, 2014, 2017; Solovyeva 
et al., 2011). Primers used both for PCR and sequencing 
were the VF1-d (5’-TTCTCAACCAACCACAARGAYATYGG-3’) 
and the VR1-d (5’-TAGACTTCTGGGTGGCCRAARAAYCA-3’) 
(following Ivanova et al., 2006). The obtained fragments 
were sequenced in both directions for each sample, and a 
consensus sequence was generated. PCR analyses were 
performed in 25 uL reactions using ca. 50 ng genomic DNA, 
10 pmol of each primer, 15 nmol of each dNTP, 50 nmol 
additional MgCl, Taq PCR buffer (10 mmol/L Tris-HCl, pH 8.3, 
50 mmol/L KCl, 1.1 mmol/L MgCl», and 0.01% gelatin), and 1 U 
of Taq DNA polymerase. The PCR conditions for the CO/ gene 
fragment followed Nazarov et al. (2012) and included an initial 
denaturation step at 95 °C for 3 min; 5 cycles at 95 °C for 30 
s, annealing at 45 °C for 1 min, extension at 72 °C for 2 min, 
followed with 35 cycles at 95 °C for 30 s, annealing at 51 °C for 
1 min, extension at 72 °C for 2 min, and a final extension at 72 
°C for 5 min. 

The PCR products were loaded onto 1.5% agarose gels in 
the presence of ethidium bromide and visualized using agarose 
electrophoresis. If distinct bands were produced, products 
were purified using 2 uL, from a 1:4 dilution of ExoSaplt 
(Amersham, UK), per 5 uL of PCR product prior to cycle 
sequencing. A 10 uL sequencing reaction included 2 uL of 
template, 2.5 uL of sequencing buffer, 0.8 uL of 10 pmol 
primer, 0.4 uL of BigDye Terminator version 3.1 Sequencing 
Standard (Applied Biosystems), and 4.2 uL of water. The 
cycle sequencing reaction included 35 cycles of 10 s at 96 
°C, 10 s at 50? C, and 4 min at 60 °C. Cycle sequencing 
products were purified by ethanol precipitation. Sequence 
data collection and visualization were performed on an ABI 
3730xl automated sequencer (Applied Biosystems, USA). The 
obtained sequences were deposited in GenBank under the 
accession numbers MG791873-MG791875 (Table 1). 


Phylogenetic analyses 
A total of 66 COI sequences of congeners were obtained 


from GenBank for phylogenetic analyses, including the three 
sequences obtained in this study (Table 1). 

Nucleotide sequences were initially aligned using ClustalX 
1.81 (Thompson et al., 1997) with default parameters, and 
then optimized manually in BioEdit 7.0.5.2 (Hall, 1999) and 
MEGA 6.0 (Tamura et al., 2013). Mean uncorrected genetic 
distances (P-distances) between sequences were determined 
with MEGA 6.0. MODELTEST v.3.06 (Posada & Crandall, 
1998) was used to estimate the optimal models of DNA 
evolution. The best-fiting model selected for CO! dataset 
was K80+I+G for the first and the second codon positions 
and GTR+G for the third codon position, as suggested by the 
Akaike Information Criterion (AIC). 

Phylogenetic trees were inferred using two different methods: 
Bayesian inference (Bl) and maximum likelihood (ML). BI was 
conducted in MrBayes 3.1.2 (Huelsenbeck & Ronquist, 2001; 


Ronquist & Huelsenbeck, 2003). Metropolis-coupled Markov 
chain Monte Carlo (MCMCMO) analyses were run with one cold 
chain and three heated chains for four million generations and 
sampled every 1 000 generations. Five independent MCMCMC 
runs were performed and 1 000 trees were discarded as burn-in. 
Confidence in tree topology was assessed by posterior probability 
(BI PP) (Huelsenbeck & Ronquist, 2001). The ML analyses 
were conducted using Treefinder (Jobb et al., 2004). The COI 
sequence of Cyrtodactylus elok Dring was used as an outgroup 
following Luu et al. (2016a). Confidence in tree topology was 
tested by non-parametric bootstrap analysis (ML BS) with 1 000 
replicates (Felsenstein, 2004). We a priori regarded tree nodes 
with bootstrap (ML BS) values of 70% or greater and posterior 
probabilities (BI PP) values over 0.95 as sufficiently resolved, ML 
BS values between 70% and 50% (and BI PP between 0.95 and 
0.90) were regarded as tendencies, and ML BS values below 
5096 (BI PP below 0.90) were considered unresolved (Felsenstein, 
2004; Huelsenbeck & Hillis, 1993). 


RESULTS 


Genetic differentiation 

Sequence data 

The final alignment of the examined mtDNA CO! gene 
fragment consisted of 672 sites: 386 sites were conserved 
and 286 sites were variable, of which 270 were found to be 
potentially parsimony-informative. The transition-transversion 
bias (R) was estimated as 3.66. Nucleotide frequencies were 
A=23.14%, T=26.77%, C=30.53%, and G=19.95%. 


mtDNA genealogy 

Results of the phylogenetic analyses implemented in the present 
paper are shown in Figure 2. The BI and ML analyses 
resulted in essentially similar topologies slightly differing from 
each other only in associations at several poorly supported 
basal nodes. In general, the genetic differentiation of the 
Cyrtodactylus phongnhakebangensis species group members 
was highly consistent with the results reported in previous studies 
by Nazarov et al. (2014) and Luu et al. (2016a). The 
partial fragment of the CO/ gene strongly supports monophyly 
of the C. phongnhakebangensis (1.0/100, hereafter node support 
values are given for BI PP/ML BS, respectively), C. wayakonei 
(1.0/86), and C. irregularis (0.99/83) species groups. Within the 
C. phongnhakebangensis species group, C. pageli Schneider, 
Nguyen, Schmitz, Kingsada, Auer & Ziegler, 2011 formed a 
sister lineage with respect to all other members of the C. 
phongnhakebangensis species group (0.97/75). The remaining 
members of the C. phongnhakebangensis species group were 
clustered in two subclades with moderate to strong support 
values: (1) subclade consisting of C. knhammouanensis Nazarov, 
Poyarkov, Orlov, Nguyen, Milto, Martynov, Konstantinov & 
Chulisov, 2014, C. rufford Luu, Calame, Nguyen, Le, Bonkowski 
& Ziegler, 2016, C. bansocensis Luu, Nguyen, Le, Bonkowski & 
Ziegler, 2016, C. soudthichaki Luu, Calame, Nguyen, Bonkowski 
& Ziegler, 2015, C. jaegeri Luu, Calame, Bonkowski, Nguyen 
& Ziegler, 2014, C. sommerladi Luu, Bonkowski, Nguyen, Le, 
Schneider, Ngo & Ziegler, 2016, and C. roesleri Ziegler, Nazarov, 
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Orlov, Nguyen, Vu, Dang, Dinh & Schmitz, 2010 (0.95/64); and 
(2) subclade consisting of C. hinnamnoensis Luu, Bonkowski, 
Nguyen, Le, Schneider, Ngo & Ziegler, 2016, C. darevskii 
Nazarov, Poyarkov, Orlov, Nguyen, Milto, Martynov, Konstantinov 
& Chulisov, 2014, C. calamei Luu, Bonkowski, Nguyen, Le, 
Schneider, Ngo & Ziegler, 2016, C. phongnhakebangensis Ziegler, 
Rósler, Herrmann & Vu, 2002, C. lomyenensis Ngo & Pauwels, 
2010, C. multiporus Nazarov, Poyarkov, Orlov, Nguyen, Milto, 
Martynov, Konstantinov & Chulisov, 2014, C. teyniei David, 
Nguyen, Schneider & Ziegler, 2011, C. cf. jarujini Ulber, 1993, 
and Cyrtodactylus sp. from Ban Thathom, Xiangkhoang Province, 
Laos (0.94/78). 

The newly discovered Cyrtodactylus population from Ban 
Thathom, Xiangkhoang Province, was placed within the first 
subclade of the C. phongnhakebangensis species group and 
was clustered in one group with C. multiporus, C. teyniei, and 
C. cf. jarujini (1.0/99). Among these species, the Ban Thathom 
population appeared to be a sister lineage of C. cf. jarujini from 
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the Bolikhamxay Province of Laos (1.0/100). 


Genetic distances 

The uncorrected genetic P-distances among and within 
the CO! gene fragment of the studied members of 
the Cyrtodactylus phongnhakebangensis species group are 
summarized in Table 2. The observed interspecific distances 
in the COI gene within the C. phongnhakebangensis species 
group varied from P=4.2% (between C. darevskii and 
C. hinnamnoensis) to P=19.4% (between C. souathichaki 
and C. hinnamnoensis) (Table 2). These values slightly 
overlapped with interspecific comparisons between the C. 
phongnhakebangensis species group members and the 
outgroup Cyrtodactylus species (18.1%<P<24.4%, data not 
shown in Table 2). The observed intraspecific distances in 
our analysis varied from P=0% to P=3.8%, with the last value 
corresponding to the genetic differentiation between mtDNA 
lineages of C. pageli (Table 2). 


1 (A) C. interdigitalis species group 











C. aff. pulchellus | (B) C. pulchellus species group 


HM888467 C. khammouanensis 
C. rufford 


C. bansocensis 


4.01100, KUi735/4 
0.79/- KU175573 


KX077906 
1.0/100 Í (x077905 ^ C. soudthichaki 
KoT er004365 
10/100 f. (004366 
KT004364 
1.096 d (xoeaoaz 
4. KX064040 
0/99 | 0.99/95 KX06403: 
KF929531 
1.0198. KF929532 


C. jaegeri 
C. sommerladi 


C. roesleri 


C. hinnamnoensis 
KX064046 
HQ967223. 
4.079 Hserz21 C. darevskii 
utes C. calamei 
KX064043 J 
1.0/99 929526 
Head be 817436 " 
1.0100. KP199942 C. lomyenensis "m 
1.0/100 KX077907 C. cf. jarujini 
ZISP 29731 Cyrtodactylus 


1.0/100 ZMMU MER thathomensis sp. nov. 
1:0129 4.0100 HM888472 C. multiporus 
HM888471 É po 


1.0/99 , KJ817430 iei 
KP199945  C.teyniei 


1.0/91 
0.96/68 


C. phongnhakebangensis 


dno4B soroods sisuoBueqoxeuuBuoud *2 (3) 


1.0/99 KJ817431 
1.0/98» KX077903 


C. eli 
KX077902 me 


1.0/100 p KX06403; 


8 
KF169972 C. cryptus 
9971 


KF16: 
KF188432 C. kingsadai 
KP199949 Cyrtodactylus sp. 1 
KF169963 C. paene qM Tett 
KF92950 


1.0/100 , HM888466 
HM888465 


(D) C. irregularis 
species group 
C. badenensis 
C. quadrivirgatus 
C. wayakonei 
C. cf. martini 
7 C. otai 
C. bobrovi 
C. puhuensis 
C. vilaphongi 


(C) C. wayakonei 
species group 


99948 C. spelaeus 


Figure 2 Bayesian inference (BI) tree for the Cyrtodactylus phongnhakebangensis species group and other Cyrtodactylus species 
groups inhabiting Laos and adjacent areas based on analysis of CO/ gene fragments 


Clade colors correspond to icon colors in Figure 1. Values at nodes correspond to BI PP/ML BS support values, respectively. Sequence of C. elok was used as 


an outgroup. Inset shows C. roesleri, a representative of the C. phongnhakebangensis species group. 
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Table 1 Specimens and sequences of Cyrtodactylus representatives used in molecular analyses of mtDNA gene fragment 





No. 


Species 


GenBank accession No. 


Locality 


Voucher ID 





OANOaAARWOD = 


Cyrtodactylus badenensis 
C. bansocensis 

C. bansocensis 

C. bobrovi 

C. bobrovi 

C. calamei 

C. calamei 

C. cryptus 

C. cryptus 

C. cryptus 

C. elok 

C. darevskii 

C. darevskii 

C. hinnamnoensis 

C. hinnamnoensis 

C. hinnamnoensis 

C. hinnamnoensis 

C. hinnamnoensis 

C. lomyenensis 

C. lomyenensis 

C. interdigitalis 

C. jaegeri 

C. jaegeri 

C. jaegeri 

C. cf. jarujini 

C. khammouanensis 

C. khammouanensis 

C. kingsadai 

C. cf. martini 

C. multiporus 

C. multiporus 

C. otai 

C. otai 

C. puhuensis 

C. aff. pulchellus 

C. aff. pulchellus 

C. pageli 

C. pageli 

C. pageli 

C. phongnhakebangensis 
C. phongnhakebangensis 
C. pseudoquadrivirgatus 
Cyrtodactylus sp. 1 

C. quadrivirgatus 

C. quadrivirgatus 

C. roesleri 

C. roesleri 

C. rufford 

C. sommerladi 

C. sommerladi 

C. sommerladi 

C. sommerladi 

C. spelaeus 

C. spelaeus 

C. soudthichaki 

C. soudthichaki 

C. soudthichaki 

C. teyniei 

C. teyniei 

C. vilaphongi 

C. vilaphongi 

C. wayakonei 

C. wayakonei 
Cyrtodactylus thathomensis sp. nov. 
Cyrtodactylus thathomensis sp. nov. 
Cyrtodactylus thathomensis sp. nov. 


KF929505 
KU175573 
KU175574 
KT004368 
KT004369 
KX064043 
KX064044 
KF169971 

KF169972 
KX064038 
HM888478 
HQ967221 
HQ967223 
KX064045 
KX064046 
KX064047 
KX064048 
KX064049 
KJ817436 

KP199942 
KX077901 

KT004364 
KT004365 
KT004366 
KX077907 
M888467 
M888469 
KF 188432 
KF929537 
M888472 
M888471 
KT004370 
KT004371 

KF929529 

(Q967202 
(Q967203 
KJ817431 

KX077902 
KX077903 
KF929526 

KF929527 

KF169963 

KP199949 
HM888465 
HM888466 
KF929532 

KF929531 

KU175572 
KX064039 
KX064040 
KX064041 

KX064042 
KP199947 
KP199948 
KX077904 
KX077905 
KX077906 
KJ817430 

KP199945 
KJ817434 

KJ817435 

KJ817438 

KP199950 
MG791873 
MG791874 
MG791875 








Vietnam, Tay Ninh Prov. 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Vietnam, Hoa Binh Prov. 
Vietnam, Hoa Binh Prov. 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Vietnam, Quang Binh Prov. 
Vietnam, Quang Binh Prov. 
Laos, Khammouane Prov. 
Malaysia 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Laos, Bolikhamxay Prov. 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Vietnam, Phu Yen Prov. 
China, Yunnan Prov. 
Laos, Khammouane Prov. 

Laos, Khammouane Prov. 
Vietnam, Hoa Binh Prov. 
Vietnam, Hoa Binh Prov. 
Vietnam, Thanh Hoa Prov. 
Malaysia 

Malaysia 

Laos, Vientiane Prov. 

Laos, Vientiane Prov. 

Laos, Vientiane Prov. 

Vietnam, Quang Binh Prov. 
Vietnam, Quang Binh Prov. 
Vietnam, Thua Thien - Hue Prov. 
Vietnam, Da Nang, Ba Na 
Malaysia 

Malaysia 

Vietnam, Quang Binh Prov. 
Vietnam, Quang Binh Prov. 
Laos, Khammouane Prov. 

Laos, Khammouane Prov. 

Laos, Khammouane Prov. 

Laos, Khammouane Prov. 

Laos, Khammouane Prov. 

Laos, Vientiane Prov. 
Laos, Vientiane Prov. 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Laos, Khammouane Prov. 
Laos, Luang Prabang Prov. 
Laos, Luang Prabang Prov. 
Laos, Luang Nam Tha Prov. 
Laos, Luang Nam Tha Prov. 
Laos, Xiangkhouang Prov. 
Laos, Xiangkhouang Prov. 
Laos, Xiangkhouang Prov. 














KIZ13689 
VNUF-R.2015.20 
NUOL-R-2015.21 
IEBR-A.2015.30 
VNMN-A.2015.61 
NUOL-R-2015.22 
VNUF-R.2015.28 
PNKB3 

PNKB4 
VNUF-R.2014.69 
ZMMU-RAN1991 
ZISP-FN256 
ZISP-FN223 
IEBR-A.2013.89 
IEBR-A.2013.90 
VNUF-R.2015.11 
VNUF-R.2015.3 
NUOL-R-2015.9 
IEBR-KM2012.54 
IEBR-KM2012.52 
VNUF-R.2014.50 
IEBR-A.2013.55 
NUOL-R.2013.1 
VFU-TK914 
VNUF-R.2015.7 
ZISP-FN191 
ZISP-FN257 
IEBR-A.2013.3 
KIZ201103 
ZISP-FN3 
ZISP-FN2 
IEBR-A.2015.26 
IEBR-A.2015.27 
KIZ11665 
ZMMU-R-12643-3 
ZMMU-R-12643-4 
ZFMK91827 
NQT2010.36 
NQT2010.37 
PNKB201 1.30 
PNKB201 1.32 
ITBCZ3001 
ZMMU-R-13095-2 
ZMMU-RAN1989 
ZMMU-RAN1990 
PNKB2011.34 
PNKB2011.3 
VFU-R.2015.14 
IEBR-A.2015.37 
VNUF-R.2013.22 
VNUF-R.2013.87 
IEBR-A.2015.39 
ZMMU-R-13980-3 
ZMMU-R-13980-1 
NUOL-R-2015.5 
VFU-R.2015.18 
IEBR-A.2015.34 
IEBR-KM2012.77 
IEBR-KM2012.77 
NUOL-R-2013.5 
IEBR-A.2013.103 
ZFMK91016 
ZMMU-R-13981-1 
ZMMU-R-14919-1 
ZISP 29731 
ZMMU R-15384 
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Table 2 Uncorrected P-distances (percentages) between CO/ sequences of the Cyrtodactylus phongnhakebangensis species 
group members included in phylogenetic analyses (below the diagonal), and standard error estimates (above the diagonal) 








No. Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
1 C. thathomensis sp. nov. 0.0 18 17 17 17 18 15 15 14 145 18 17 1.4 10 13 12 18 
2  C.khammouanensis 18.3 02 1.4 14 14 15 14 13 14 #15 13 14 #14 #18 #16 15 16 
3 C. rufford 189 115 — 13 16 15 16 15 16 15 15 15 15 18 14 3145 17 
4  C.bansocensis 1731 124 11.2 0.2 16 15 14 13 17 18 15 16 14 16 1.4 16 1.6 
5 C. soudthichaki 18.4 18.3 14.5 12.2 0.1 16 13 14 18 18 16 17 #18 16 15 14 14 
6  C.jaegeri 18.5 14.6 14.5 14.8 13.5 0.1 16 15 19 18 18 17 14 18 17 18 17 
7 | C.sommerladi 17.7 16.7 17.9 16.0 15.5 163 0.1 08 15 16 14 #14 1.6 1.5 15 17 14 
8  C.roesleri 17.9 16.5 16.4 15.9 15.22 154 60 0.2 16 17 14 14 #15 14 14 146 13 
9  C.hinnamnoensis 16.4 16.6 18.7 17.5 19.4 18.1 16.3 17.1 0.9 08 09 12 15 14 1.5 14 1.6 
10 C. darevskii 16.2 14.8 185 16.7 185 17.8 15.7 173 42 0.0 10 14 #16 16 18 #16 16 
11  C.calamei 17.3 18.7 15.6 16.4 176 173 152 155 52 56 0.0 1.1 14 18 16 16 15 
12  C.phongnhakebangensis 16.0 15.5 17.6 15.4 17.7 16.7 16.3 15.3 9.1 96 78 0.0 13 16 17 18 14 
13  C.lomyenensis 15.5 156 17.4 16.0 18.8 17.1 17.8 17.5 15.4 145 150 146 0.2 14 1.4 13 16 
14  C.cf. jarujini 45 16.1 17.3 18.0 19.0 18.8 18.1 174 16.5 16.7 17.1 17.1 152 — 1.2 11 16 
15  C.multiporus 9.5 16.6 15.8 16.4 18.3 16.1 17.0 17.0 15.4 15.6 155 153 144 93 0.0 10 1.5 
16 C. teyniei 93 17.2 17.3 183 17.4 181 17.7 175 15.3 156 142 153 145 93 60 00 1.5 
17 C. pageli 18.5 183 17.8 188 188 180 162 166 188 18.2 169 17.8 17.7 180 16.5 175 38 





Ingroup mean uncorrected P-distances are shown on the diagonal. 


The newly discovered Cyrtodactylus population from Ban 
Thathom, Xiangkhoang Province, Laos, is genetically divergent 
from all other members of the C. phongnhakebangensis 
species group, and it is most closely related to C. multiporus 
(P=9.5%), C. teyniei (P=9.3%), and C. cf. jarujini (P=4.5%). 
The last population from Bolikhamxay Province of Laos was 
tentatively identified as C. cf. jarujini by Luu et al. (2016a); 
however, its taxonomic status requires further confirmation. 


Systematics 

Based on the morphological, chromatical, and genetic 
distinctiveness of the newly discovered  Cyrtodactylus 
population from all other populations in northern Laos and 
neighboring areas (see Diagnosis and Comparisons), and 
also on the results of phylogenetic analyses of the partial CO/ 
gene fragment, indicating that this population represents a 
clearly distinct mtDNA lineage, different from all congeners 
for which homologous sequences are available (see Results), 
we conclude that the Ban Thathom population represents a 
previously undescribed new species, which we describe and 
name herein. 


Cyrtodactylus thathomensis sp. nov. (Figures 3-6) 


Holotype: ZMMU R-14919-1 (Figure 3); an adult male from 
the north-western slope of a limestone hill (N18°59’48.9”, 
E103°35/30.6”; alt. 271 m a.s.l.) near Ban (=Village) Thathom, 
Xiangkhoang Province, Laos. Collected on 14 May 2008 by E. 
L. Konstantinov and A. S. Chulisov. 


Paratypes: ZMMU R-15384 and ZISP 29731; two adult 
females from the same locality 


Diagnosis: Cyrtodactylus thathomensis sp. nov. can be 
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distinguished from all other congeneric species by its medium 
body size (maximal known SVL 75.5 mm); dorsal tubercles in 
14-18 rows at midbody; midbody scale rows 30-36 across 
belly between ventrolateral skin folds; a continuous series 
of 10—12 pore-bearing (male) or pitted (females), enlarged 
precloacal scales, separated by a diastema from a series of 
enlarged femoral scales bearing 18 or 19 pores (male) or 1—9 
pits (females) on each femur; absence of precloacal groove; 
transversely enlarged median subcaudal scales; and four dark 
dorsal bands between limb insertions. 


Description of holotype: Adult male. SVL 70.3 mm. 
TailL 79.0 mm (last 54 mm regenerated). Head relatively 
long (HeadL 20.1; HeadL/SVL 0.29) and wide (HeadW 13.4; 
HeadW/HeadL 0.67), not markedly depressed (HeadH 8.4), 
distinct from neck. Loreal region inflated, canthus rostralis 
slightly prominent. Snout elongate (SnOrb/HeadL 0.41), 
rounded, longer than orbit diameter (OrbD/SnOrb 0.62). Scales 
on snout small, rounded to oval, granular to weakly conical, 
mostly homogeneous, larger than those on crown, interorbital, 
and occipital regions. Eye relatively large (OrbD/HeadL 0.25); 
pupil vertical with crenelated margins; supraciliaries short, 
larger anteriorly. Ear opening vertically oval, of moderate 
size (EarL/HeadL 0.06); orbit to ear distance subequal to 
orbit diameter (OrbEar/OrbD 1.02). Rostral much wider (3.5 
mm) than deep (2.0 mm); rostral crease straight, starting 
from the upper middle of the rostral, going down half the 
rostral height. Two enlarged supranasals separated from 
one another by one internasal. Rostral contacting first 
supralabial on each side, nostrils, two supranasals and one 
internasal. Nostrils rounded, more or less laterally directed, 
each surrounded by supranasal, rostral, first supralabial and 
two postnasals. Three or four rows of small scales separate 


orbit from supralabials. Mental triangular, wider (3.4 mm) than (in total three granules contact the postmentals) (Figure 3E). 


deep (2.2 mm). A single pair of greatly enlarged postmentals Supralabials to mid-orbital position 9/9, enlarged supralabials 
in broad contact behind mental, each bordered anteromedially to angle of jaws 10/11. Infralabials 9/9 (Figure 3D). Interorbital 
by mental, anterolaterally by first infralabial, posterolaterally by scale rows across narrowest point of frontal bone 30. 


an enlarged lateral chinshield, and posteriorly by two granules 





Figure 3 Male holotype of Cyrtodactylus thathomensis sp. nov. (ZMMU R-14919) 

A: General view of holotype in situ; B: Precloacal region with row of femoral and precloacal pores separated by diastema; C: Postcloacal spurs (see arrow); D: 
Lateral side of the head with supralabials and infralabials scalation; E: Ventral surface of the head with mental scalation; F: Dorsum surface with the rows of 
enlarged tubercles. Photos by E.L. Konstantinov (A) and R.A. Nazarov (B-F). 
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Body moderately slender, relatively short (AG/SVL 0.43) 
with poorly defined, non-denticulate, ventrolateral skin folds. 
Dorsal scales weakly heterogeneous, domed, with tubercles 
about four times size of adjacent dorsal scales extending from 
neck onto tail base, smaller tubercles on postocular region, 
crown and occiput; tubercles smooth or bearing a very small 
keel, tubercles on posterior trunk and sacral region most 
prominent. Dorsal tubercles in 18 rows at midbody, typically 


separated from one another by two dorsal granules (Figure 3F). 


Paravertebral tubercles 26. Ventral scales larger than dorsal 
scales, smooth, oval and subimbricate, largest in precloacal 
region. Midbody scale rows across belly between ventrolateral 
folds 30. Gular region with homogeneous, smooth, juxtaposed 
granular scales. A patch of enlarged precloacal scales on top 
of which lies a continuous series of ten pore-bearing scales, 
separated by a diastema of 3/4 enlarged poreless scales 


from a continuous series of 19/18 pore-bearing femoral scales. 


Enlarged femoral scales nearly two times the size of the scales 
of the adjacent anterior scale row (Figure 3B). No precloacal 
groove. Hemipeneal bulges evident. Postcloacal spurs bearing 
6/5 enlarged conical scales (Figure 3C). 

Scales on palm and sole smooth, rounded to oval or 
hexagonal, slightly domed. Scalation on dorsal surfaces of 
hind limbs similar to body dorsum with enlarged tubercles 
interspersed among smaller scales; tubercles smaller and 
rare on forelimbs. Forelimbs and hind limbs moderately 


long (ForeaL/SVL 0.16, TibiaL/SVL 0.19), moderately slender. 


Digits long, slender, inflected at interphalangeal joints, all 
bearing robust, slightly recurved claws. Basal subdigital 
lamellae broad, oval to rectangular, without scansorial surfaces; 
lamellae distal to digital inflection narrow; SLF4 17/17; SLT4 
20/20. Subcaudals scales larger than supracaudal scales, 
forming a row of strongly enlarged transverse plates. 


Coloration in preservative: Dorsal ground color of head, 
neck, body, limbs and tail light brown. Dorsal surface of head 
with irregular dark brown markings. Rostral, supralabials and 
infralabials dark brown, posterior ones heavily maculated with 
beige. On each side a postocular stripe reaching the nape but 
not meeting the one of the opposite side as it breaks into spots 
(i.e., a discontinuous nuchal collar). Upper surface of limbs 
showing irregular dark brown bands. Dorsum showing four 
dark brown bands between limb insertions. Each of the four 
bands on dorsum posteriorly limited by a discontinuous series 
of whitish tubercles, similarly to the band above shoulders, the 
one on the neck and the one above sacrum. Original part of 
the tail showing three dark brown bands. Regenerated part of 
the tail light brown. Undersurfaces of the head, throat, venter 
and members uniformly beige. Coloration of the holotype in life 
is shown in Figure 3A. In life its dorsal ground color is darker 
than in preservative. The tubercles posteriorly bordering the 
four bands on dorsum are lighter and more contrasting than 
after preservation. The yellow color of the outer extremities of 
the supraciliaries disappears in preservative. 
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Variation: Morphometric and meristic values for the type 
series are provided in Table 3. Morphological and coloration 
characters of the paratypes agree in most respects with 
those of the holotype, differing only in minor details (Table 
3 and remarks hereafter). Rostral crease in paratypes like 
in holotype. One internasal in paratype ZISP 29731 like in 
holotype (Figure 4C), no internasal in paratype ZMMU R-15384 
(hence supranasals in large contact) (Figure 5C). The female 
paratype ZISP 29731 shows a continuous row of 52 enlarged 
femoral-precloacal scales including, from left to right: 1 pitless 
scale + 9 scales with pits + 12 pitless scales + 10 precloacal 
scales with pits + 11 pitless scales + 9 scales with pits + 1 
pitless scale (Figure 4E). The female paratype ZMMU R-15384 
shows a continuous row of 55 enlarged femoral-precloacal 
scales including, from left to right: 10 scales with pits + 11 
pitless scales + 12 enlarged precloacal scales with pits + 12 
pitless scales + 8 scales with pits + 2 pitless scales (Figure 5E). 
General background dorsal color in preservative lighter in the 
female paratypes than in the male holotype. The paratypes' 
tails, original and complete, show nine dark brown bands, 
and they are longer than SVL (TailL/SVL ratio 1.16—1.27; see 
Figures 4A- 5A, Figure 6). 


Comparison with congeneric species: Synoptic tables 
comparing the main morphological characters of Lao 
Cyrtodactylus with the species known from adjacent regions 
were provided by Teynié & David (2014: 471—472) and Luu 
et al. (2016a, 2016b, 2016c). Among these species, we 
are comparing hereafter Cyrtodactylus thathomensis sp. nov. 
with all congeneric species found within a 500-km radius from 
its type-locality (a radius far superior to any maximal distance 
between two localities known for any species in the Indochinese 
Region, Thailand and Myanmar, cf. maps provided by Ellis & 
Pauwels, 2012; Nazarov et al., 2014: Figure 1; Grismer et al., 
2015: Figure 1 — considering that Cyrtodactylus intermedius is a 
species complex composed of at least six species, /oc. cit.: 114; 
Nguyen et al., 2014, 2017: Figure 1). 

By its possession of transversely enlarged subcaudals, 
the new species is readily distinguished from Cyrtodactylus 
angularis ( Smith, 1921), C. buchardi David, Teynié & Ohler, 
2004, C. cryptus Heidrich, Rósler, Vu, Bóhme & Ziegler, 
2007, C. jarujini, C. papilionoides Ulber & Grossmann, 1991, 
C. pseudoquadrivirgatus Rósler, Nguyen, Vu, Ngo & Ziegler, 
2008, and C. vilaphongi Schneider, Nguyen, Le, Nophaseud, 
Bonkowski & Ziegler, 2014. The possession of enlarged 
femoral scales separates Cyrtodactylus thathomensis sp. nov. 
from C. bobrovi Nguyen, Le, Pham, Ngo, Hoang, Pham & 
Ziegler, 2015, C. buchardi, C. chauquangensis Hoang, Orlov, 
Ananjeva, Johns, Hoang & Dau, 2007, C. cryptus, C. otai 
Nguyen, Le, Pham, Ngo, Hoang, Pham & Ziegler, 2015, 
C. pageli, C. pseudoquadrivirgatus, C. spelaeus Nazarov, 
Poyarkov, Orlov, Nguyen, Milto, Martynov, Konstantinov & 
Chulisov, 2014, C. vilaphongi and C. wayakonei Nguyen, 
Kingsada, Rósler, Auer & Ziegler, 2010. 

















Figure 4 Female paratype of Cyrtodactylus thathomensis sp. nov. (ZISP 29731) 
A: General view of preserved paratype with original tail; B: Lateral side of the head with supralabials and infralabials scalation; C: Shape of rostral and surrounding 
scales; D: Ventral surface of the head with mental scalation; E: Precloacal region with row of enlarged femoral and precloacal scales with pit and pitless scales; 


F: Medial row of enlarged subcaudal scales. Photos by R.A. Nazarov. 
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Figure 5 Female paratype of Cyrtodactylus thathomensis sp. nov. (ZMMU 15384) 
A: General view of preserved paratype with original tail; B: Lateral side of the head with supralabials and infralabials scalation; C: Shape and scalation of rostral 
(supranasals in contact with each other); D: Ventral surface of the head with mental scalation; E: Precloacal region with row of enlarged femoral and precloacal 


scales with pit and pitless scales; F: Medial row of enlarged subcaudal scales. Photos by R.A. Nazarov. 
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Table 3 Meristic and morphometric (in mm) data for the type series of Cyrtodactylus thathomensis sp. nov. 





ZMMU R-14919- 


ZMMU R-15384  ZISP 29731 





1Holotype Paratype Paratype 
Sex Male Female Female 
SVL 70.3 71.7 75.5 
ForeaL 11.4 12.0 12.7 
TibiaL 13.7 12.8 12.8 
TailL 79.0 (only first 25 mm 83.0 96.0 

original) 
TailW 4.5 4.9 5.1 
AG 30.5 31.2 31.7 
HeadL 20.1 20.0 21.2 
HeadW 13.4 12.8 14.3 
HeadH 8.4 7.4 8.4 
RW 3.5 2.8 2.8 
RH 2.0 2.2 2.1 
MW 3.4 3.2 3.1 
ML 2.2 2.2 2.2 
OrbD 5.1 4.8 5.0 
OrbEar 5.2 5.0 5.7 
SnOrb 8.2 7.8 8.2 
NosOrb 6.2 6.0 6.5 
Interorb 4.8 4.7 5.1 
EarL 1.3 1.2 1.4 
Internar 2.9 2.3 2.4 
DorTub 18 18 14 
ParaTub 26 32 24 
PreclPi/PreclPo 10 Po 12 Pi 10 Pi 
EnlFemSc 22/20 20/20 21/21 
FemPi/FemPo 19 + 18 Po 1048 Pi 9 4 9 Pi 
Ven 30 32 36 
SL 10/11 1140 10/11 
IL 9/9 9/10 10/10 
InterorbSc 30 32 33 
SLF4 17/17 17/16 16/16 
SLT4 20/20 20/20 19/18 


Paired meristic characters are given left/right. 


The presence of precloacal and femoral pores separated 
by a diastema in male Cyrtodactylus thathomensis sp. nov. 
distinguishes this species from C. angularis, C. bansocensis, 
C. bobrovi, C. buchardi, C. calamei, C. chanhomeae Bauer, 
Sumontha & Pauwels, 2003, C. chauquangensis, C. cryptus, 
C. cucphuongensis Ngo & Chan, 2011, C. darevskii, C. 
hinnamnoensis, C. jaegeri, C. jarujini, C. khammouanensis, 
C. lomyenensis, C. martini Ngo, 2011, C. multiporus, C. 
otai, C. pageli, C. papilionoides, C. phongnhakebangensis, 
C. pseudoquadrivirgatus, C. puhuensis Nguyen, Yang, Le, 
Nguyen, Orlov, Hoang, Nguyen, Jin, Rao, Hoang, Che, Murphy 
& Zhang, 2014, C. roesleri, C. rufford, C. sommerladi, C. 


soudthichaki, C. spelaeus, C. vilaphongi and C. wayakonei. 
Cyrtodactylus teyniei was described based on a single female 
holotype. Teynié & David (2014) reported the first known 
male; it showed precloacal and femoral pores, but they did 
not mention if the femoral and precloacal pored scales were 
separated by a diastema or not. It should be noted that, while in 
the male holotype of Cyrtodactylus bansocensis the precloacal 
and femoral pore-bearing scales are separated by a diastema, 
they are not in the male paratype (Luu et al., 2016c). 

Its banded dorsal pattern separates Cyrtodactylus 
thathomensis sp. nov. from C. buchardi, C. jarujini, C. 
multiporus, C. pseudoquadrivirgatus, C. spelaeus and C. 
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teyniei, which show blotched patterns. Additional differences 
distinguishing the new species from Cyrtodactylus jarujini 
include its smaller SVL (75.5 vs. 90 mm in C. jarujini) and 
a lower total number of pores in males (47 vs. 52-54). 
Additional differences with Cyrtodactylus multiporus include 
the new species’ much smaller SVL (75.5 vs. 98 mm in C. 


multiporus) and a much lower total number of pores in males 
(47 vs. 58-60). From Cyrtodactylus teyniei the new species 
differs also by its smaller SVL (75.5 vs. 89.9 mm in C. teyniei), 
generally lower number of midbody scale rows across belly 
between ventrolateral folds (30-36 vs. 36-38), and a much 
lower total number of pores in males (47 vs. 58). 





Figure 6 Live female paratype of Cyrtodactylus thathomensis sp. nov. (ZISP 29731) in dorsal view (Photo by E.L. Konstantinov) 


Among the remaining species living within the 500-km radius 
of its type-locality, Cyrtodactylus thathomensis sp. nov. can 
be differentiated from C. auribalteatus Sumontha, Panitvong 
& Deein, 2010 by its much smaller SVL (75.5 vs. 98.1 mm), 
lower DorTub (14—18 vs. 22-24), lower Ven (30-36 vs. 38-40), 
and higher FemPo on each side (18 or 19 vs. 4 or 5) and 
PreclPo (10 vs. 6) in males; from C. bichnganae Ngo & 
Grismer, 2010 by its much smaller SVL (75.5 vs. 99.9 mm), 
much higher EnlFemSc on each side (20—22 vs. 11—13), and 
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much higher FemPo on each side in males (18 or 19 vs. 9); 
from C. doisuthep Kunya, Panmongkol, Pauwels, Sumontha, 
Meewasana, Bunkhwamdi & Dangsri, 2014 by its smaller 
SVL (75.5 vs. 90.5 mm), lower DorTub (14—18 vs. 19 or 
20), presence of femoral pores (vs. pits) in males, higher 
PreclPo (10 vs. 6), and 4 (vs. 5 or 6) dark bands between 
limb insertions; from C. dumnuii Bauer, Kunya, Sumontha, 
Niyomwan, Pauwels, Chanhome & Kunya, 2010 by its generally 
lower DorTub (14—18 vs. 18-22), its lower Ven (30-36 vs. 40), 


and much higher FemPo on each side (18 or 19 vs. 6 or 7) 
and PreclPo (10 vs. 5 or 6) in males; from C. huongsonensis 
Luu, Nguyen, Do & Ziegler, 2011 by its by its smaller SVL (75.5 
vs. 89.8 mm), lower Ven (30-36 vs. 41—48), higher PreclPo 


(10 vs. 6) and much higher FemPo on each side (18 or 19 vs. 


7—10) in males, and its discontinuous (vs. continuous) nuchal 
loop; from C. interdigitalis Ulber, 1993 by its generally lower 
DorTub (14—18 vs. 18—22), its lower Ven (30—36 vs. 37—42), 
much higher FemPo on each side (18 or 19 vs. 9) and lower 
PreclPo (10 vs. 14) in males, and absence (vs. presence) 
of webbing; from C. intermedius ( Smith, 1917) by its lower 
Ven (30-36 vs. 40—50) and much higher EnlFemSc on each 
side (20-22 vs. 6-10); from C. inthanon Kunya, Sumontha, 
Panitvong, Dongkumfu, Sirisamphan & Pauwels, 2015 by its 
generally lower DorTub (14—18 vs. 18-20), and much higher 
FemPo on each side (18 or 19 vs. 6) and PreclPo (10 vs. 5) in 
males; from C. khelangensis Pauwels, Sumontha, Panitvong & 
Varaguttanonda, 2014 by its much smaller SVL (75.5 vs. 95.3 
mm), and much higher FemPo on each side (18 or 19 Po vs. 
6 or 7 Po or Pi) and PreclPo (10 vs. 2—5) in males; from C. 
kunyai Pauwels, Sumontha, Keeratikiat & Phanamphon, 2014 


by its much higher FemPo on each side (18 or 19 vs. 5 or 6) 
and PreclPo (10 vs. 3) in males; and from C. soni Le, Nguyen, 
Le & Ziegler, 2016 by its much smaller SVL (75.5 vs. 103.0 
mm), higher DorTub (14—18 vs. 10—13), lower Ven (30-36 vs. 
41—45), and much higher FemPo on each side (18 or 19 vs. 
6-8) and PreclPo (10 vs. 6 or 7) in males. 

Besides differentiating Cyrtodactylus thathomensis sp. nov. 
from all congeneric species found within a 500-km radius, 
its combination of characters presented in the Diagnosis 
allows to unambiguously separate it from all species found 
in Bangladesh, Cambodia, Myanmar, Thailand and Vietnam 
(see, among other references in the literature cited, Bauer, 
2003; Connette et al., 2017; Grismer et al., 2012; Le et al., 
2016; Mahony et al., 2009; Mahony, 2009; Panitvong et al., 
2014; Pauwels & Sumontha, 2014; Pauwels et al., 2014, 2016; 
Sumontha et al., 2014, 2015). 


Distribution and natural history: Cyrtodactylus thathomensis 
Sp. nov. is so far known only from its type-locality. The types 
were collected on karst boulders on a steep forested limestone 
hill (Figure 7). 





Figure 7 Habitat of Cyrtodactylus thathomensis sp. nov. at the type-locality 


A: General view of karst massif at Ban Thathom in Xiangkhoang Province, northeastern Laos; B: Microhabitat of Cyrtodactylus thathomensis sp. nov.. Photos 


by E.L. Konstantinov. 


Phylogenetic position: The new species is a member of the C. 
phongnhakebangensis species group sensu Luu et al. (2016a) 
within which it is most closely related to C. multiporus, C. teyniei 
and C. cf. jarujini (see Results). 


Etymology: The specific epithet "thathomensis" is a Latinized 
toponymic adjective, referring to the type locality of the new 
species, Ban Thathom. We suggest the following common 


names: Ki Chiem Thathom (Lao), Tuk Khai Thathom (Thai), 
Thathom Bent-toed Gecko (English), Tatomskiy Krivopalyi 
Gekkon (Russian), Thathomkromvingergekko (Dutch), and 
Cyrtodactyle de Thathom (French). 


DISCUSSION 


Mitochondrial genealogy indicates Cyrtodactylus thathomensis 
sp. nov. as a member of the C. phongnhakebangensis 
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species group, within which it appears to be most closely 
related to C. multiporus and C. teyniei. Table 4 compares the 
main diagnostic characters of the species included in the C. 
phongnhakebangensis species group sensu Luu et al. (2016a) 
and our new species. All species in this group, including the 
one newly described here, live in the Cammon Plateau and 


Table 4 Main diagnostic characters of species included in the 
al. (2016a) 


the southern edge of the Xiangkhoang Plateau in the Annam 
Cordillera. This species group currently represents 15 out of 
the 22 Cyrtodactylus species presently recorded from Laos 
(i.e., 68%), with the remaining seven species belonging to the 
C. interdigitalis, C. irregularis and C. wayakonei species groups 
sensu Luu et al. (20162). 


Cyrtodactylus phongnhakebangensis species group sensu Luu et 





Species 


Nuchal collar continuous (C) / discontinuous (D) 
Number of dark bands between limb insertions 
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C. thathomensis sp. nov. 75.5 Ba C D 4 9 14-18 30-36 - 10 18-19 (One side) 
C. bansocensis 74.0 Ba S C 3 11 14-15 34-35 1 1 1 
C. calamei 89.3 Ba C C 3 »8 10-16 39-42 35-39 - - 
C. darevskii 1000 Ba C C 3 8-10 16-20 38-46 38-44 - - 
C. hinnamnoensis 100.6 Ba C C 3 >8 13-19 35-48 36-44 - - 
C. jaegeri 685 Ba S C 3 >15 15-17 31-32 44 - - 
C. jarujini 90.0 Bl - D - ? 18-20 32-38 52-54% - - 
C. khammouanensis 73.0 Ba S C 3 »2 16-21 32-38 40-44 - - 
C. lomyenensis 712 Ba S C 3 12 20-24 35-36 39-40 - - 
C. multiporus 98.0 BI - D - 6-8 16-20 30-38 58-60 - - 
C. pageli 818 Ba C C 45 8-10 9-14 41-46 - 4 0 
C. phongnhakebangensis 96.3 Ba C C 2-3 16? 11-20 32-42 32-42 - - 
C. roesleri 75.3 Ba C C 3 10 13-19 34-40 20-28 - - 
C. rufford 725 Ba S C 3 >7 14-16 27-29 42-43 - - 
C. sommerladi 803 Ba C C^ 34 12 0 31-39 20-26 - - 
C. soudthichaki 70.0 Ba C C 3 15 19-20 32-33 29 - - 
C. teyniei 89.9 BI - D - 12 19 36-38 586 ? ? 





1: 34 FemPreclPo in paratype and holotype, but respectively continuous and interrupted; ?: Partly interrupted as described by Ulber (1993); 


3: From Luu et al. (2016a: Figure 9A); ^: Interrupted in only one of the 15 specimens of the type series (see original description by Luu et 


al., 20163); 5: Briefly interrupted on the right side of the holotype; 9: It cannot be clearly deduced from Teynié & David (2014) if the pored 


precloacal and femoral scales are in a continuous series or not. Characters in bold indicate a diagnostic difference with the new species. 
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As far as we know, Cyrtodactylus thathomensis sp. nov. 
is not found in the pet trade nor used in traditional medicine. 
The type-locality not being located within a protected area, the 
main potential threats to this new gecko species are habitat 
destruction through deforestation and limestone exploitation. 
To date, however, there appears to be no immediate concern 
as to the conservation status of this species, despite its limited 
distribution. Our new discovery stresses again the necessity 
to systematically survey karst massifs to inventory their unique, 
often micro-endemic and fragile, biodiversity. 
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APPENDIX I 
List of examined specimens (Distr.=District, Prov.=Province). 


Cyrtodactylus bidoupimontis: ZMMU R-13368 (holotype), northern slope of 
Bidoup Mountain, near Klong Klanh village, Bidoup - Nui Ba National Park, 
Da Chais commune, Lac Duong Distr., Lam Dong Prov., Vietnam; ZMMU 
R-13369-1-5 (paratypes), along the road to Nha Trang, 6—7 km from Klong 
Klanh, Da Nhim river valley in Bidoup - Nui Ba National Park, Lam Dong 
Prov., Vietnam; additional specimens listed in Nazarov et al. (2012). 
Cyrtodactylus brevipalmatus: THNHM 3121-3123, THNHM 3125, Khao 
Phanoen Thung Camp, Kaeng Krachan National Park, Kaeng Krachan Distr., 
Phetchaburi Prov., Thailand. 

Cyrtodactylus bugiamapensis: ZISP 26323 (paratype), ZMMU R-13366 
(holotype), ZMMU R-13367-1-—4 (paratypes), Bu Gia Map National Park, Dak 
Ka stream valley, Bu Gia Map commune, Bu Gia Map Distr., Binh Phuoc 
Prov., Vietnam; additional specimens listed in Nazarov et al. (2012). 
Cyrtodactylus chanhomeae: CUMZ R 2003.62 (paratype), Thep Nimit Cave, 
Khun Khlon Subdistrict, Phraputthabata Distr., Saraburi Prov., Thailand; 


IRSNB 2585 (holotype), Phraya Chat-tan Cave, Khun Khlon Subdistrict, 
Phraputthabata Distr., Saraburi Prov., Thailand. 

Cyrtodactylus doisuthep: CUMZ R 0.2318 (paratype), QSMI 1168 
(paratype), THNHM 22543 (holotype), Doi Suthep, Muang Distr., Chiang Mai 
Prov., Thailand. 

Cyrtodactylus dumnuii: CUMZ R 2009-6-24-5-6 (paratypes), KZM 002 
(paratype), THNHM 15904 (holotype), THNHM 15905 (paratype), Tham 
(Cave) Phabartmaejon, Ban Thakilek, Mae-Na Subdistrict, Chiang Dao Distr., 
Chiang Mai Prov., Thailand. 

Cyrtodactylus erythrops: THNHM 15377 (holotype), Tham Lod, Pangmapha 
Distr., Mae Hong Son Prov., Thailand. 

Cyrtodactylus intermedius: IRSNB 17011, Nakhon Ratchasima, Thailand; 
ZMMU R- 11213-1, Phnom Bakor National Park, Cambodia. 

Cyrtodactylus inthanon: CUMZ R 0.2320 (paratype), THNHM 22550 
(holotype), THNHM 25605 (paratype), Doi Inthanon, Jom Thong Distr., 
Chiang Mai Prov., Thailand. 

Cyrtodactylus khelangensis: CUMZ R 0.2318 (paratype), PSUZC-RT 2012.9 
(paratype), THNHM 22548 (holotype), limestone cave in Pratu Pha, Mae Mo 
Distr., Lampang Prov., Thailand. 

Cyrtodactylus kunyai: THNHM 2560 (holotype), limestone cave in Suan Hin 
Pha Ngam, Nong Hin Distr., Loei Prov., Thailand. 

Cyrtodactylus lekaguli: IRSNB 2678 (paratype), MNHN 1998.0600, Tham 
Phung Chang, Phang-Nga City, behind Provincial Hall, Muang Distr., 
Phang-Nga Prov., Thailand; MNHN 1999.7706, Tham Reusi, Muang Distr., 
Phang-Nga Prov., Thailand. Cyrtodactylus cf. lekaguli: IRSNB 16558, 
Nakhon Si Thammarat Prov., Thailand. 

Cyrtodactylus oldhami: MNHN 1999.7626, MNHN 1999.7698, Phang-Nga 
Wildlife Breeding Station, Muang Distr., Phang-Nga Prov., Thailand. 
Cyrtodactylus peguensis peguensis: MNHN 1998.0544, Ban Kok Jaroen, 
Tap-Phut Distr., Phang-Nga Prov., Thailand. 

Cyrtodactylus phetchaburiensis: IRSNB 2682 (holotype), Tham Khao Tomo, 
Khao Tomo, Klatluang Subdistrict, Tha Yang Distr., Phetchaburi Prov., 
Thailand; IRSNB 2683 (paratype), Phetchaburi Prov., Thailand. 
Cyrtodactylus phuketensis: PSUZC-RT 2010.58 (holotype), QSMI 1170 
(paratype), THNHM 15378 (paratype), Ban Bangrong, Thalang Distr., Phuket 
Island, Phuket Prov., Thailand. 

Cyrtodactylus ranongensis: PSUZC-RT 2012.7-8 (paratypes), THNHM 
22545 (holotype), Ban Ton Kloy, Kampuan Subdistrict, Suk Samran Distr., 
Ranong Prov., Thailand; THNHM 22546 (paratype), along a street near 
Phetchkasem Road, Ban Kampuan, Kampuan Subdistrict, Suk Samran 
Distr., Ranong Prov., Thailand. 

Cyrtodactylus saiyok: | THNHM 25602 (holotype), CUMZ R 0.2320 
(paratype), Moo 3, Wang Krajae Subdistrict, Sai Yok Distr., Kanchanaburi 
Prov., Thailand. 

Cyrtodactylus samroiyot: CUMZ R 0.2320 (paratype), QSMI 1167 
(paratype), THNHM 22549 (holotype), Ban Bang Pu, Sam Roi Yot Distr., 
Prachuap Khiri Khan Prov., Thailand. 

Cyrtodactylus sanook: QSMI 1165 (paratype), PSUZC-RT 2012.4 
(paratype), THNHM 22541 (holotype), Wat Tham Sanook, Banna Subdistrict, 
Muang Distr., Chumphon Prov., Thailand. 

Cyrtodactylus sumonthai: CAS 223819 (paratype), CUMZ R 2002.2.5.1 
(paratype), IRSNB 2625 (paratype), Khao Wong, Rayong Prov., Thailand; 
IRSNB 2626 (paratype), Tham Tao, Khao Wong, Rayong Prov., Thailand; 
IRSNB 2624 (holotype), Tham Khang Khao, Khao Wong, Rayong Prov., 
Thailand. 

Cyrtodactylus thirakhupti: CUMZ R 2003.120 (holotype), CUMZ R 2003.121 
(paratype), IRSNB 2590 (paratype), Tham Khao Sonk, Thachana Distr., 
Surat Thani Prov., Thailand. 

Cyrtodactylus tigroides: CUMZ R 2002.296C (holotype), IRSNB 2586 
(paratype), Ban Tha Sao, Sai Yok Distr., Kanchanaburi Prov., Thailand. 





Cyrtodactylus wangkulangkulae: THNHM 22547, limestone cave near 
Wangsaithong Waterfall, Manang Distr., Satun Prov., Thailand. 


APPENDIX II 


General distribution of the genus Cyrtodactylus in Laos and surrounding 
areas, legend to Figure 1 (Prov.- Province). 


Localities: 1 — Cyrtodactylus cf. martini — Xishuangbanna, Yunnan Prov., 
China; 2 — C. martini — Lai Chau, Lai Chau Prov., Vietnam (type locality); 
3 - C. bichnganae — Son La, Son La Prov., Vietnam (type locality); 4 — C. 
wayakonei — Kao Rao Cave, Ban Nam Eng, Vieng Phoukha, Luang Nam Tha 
Prov., Laos (type locality); 5 — C. otai - Hang Kia, Hang Kia — Pa Co N.R., Mai 
Chau District, Hoa Binh Prov., Vietnam (type locality); 6 — C. bobrovi — Hau 
3, Ngoc Lau Commune, Ngoc Son - Ngo Luong N.R., Lac Son District, Hoa 
Binh Prov., Vietnam (type locality); 7 — C. huongsonensis — Huong Son, My 
Duc, Hanoi, Vietnam (type locality); 8 — C. cucphuongensis — Cuc Phuong 
N.P., Nho Quan, Ninh Binh Prov., Vietnam (type locality); 9 — C. soni — Da 
Han, Van Long Wetland N.R., Gia Vien District, Ninh Binh Prov., Vietnam 
(type locality); 10 — C. puhuensis — Pu Hu, Thanh Hoa Prov., Vietnam (type 
locality); 11 — C. cf. puhuensis — Houphan Prov., Laos; 12 — C. vilaphongi — 
Ban Xieng Muak, Luang Prabang, Luang Prabang Prov., Laos (type locality); 
13 — C. chauquangensis — Chau Quang, Quy Hop, Nghe An Prov., Vietnam 
(type locality); 14 — C. cf. interdigitalis and C. spelaeus — Khuang Lang 
N.P., Kasi, Vientiane Prov., Laos (type locality of C. spelaeus); 15 — C. 
pageli — Phoukham Cave, Ban Na Thong, Vang Vieng, Vientiane Prov., Laos 
(type locality); 16 — Cyrtodactylus thathomensis sp. nov. — Ban Thathom, 
Xiangkhouang Prov., Laos (type locality); 17 — C. cf. jarujini - Phou Khao 
Khouay N.P., Bolikhamxay Prov., Laos; 18 — C. interdigitalis - Nam Lik River 
Valley, Ban That Wang Monh, Vientiane Prov., Laos; 19 — C. teyniei - Ban Na 
Hin (Nahin), Nam Kading NBCA, Bolikhamxay Prov., Laos (type locality); 20 — 
C. jarujini — Phu Wua W.S., Nong Dern, Bung Kan, Nong Khai Prov., Thailand 
(type locality); 21 — C. cf. teyniei — Nahin, Khammouane Prov., Laos; 22 — C. 
cf. roesleri — Phou Hin Boun N.P., Konglor, Khammouane Prov., Laos; 23 — 
C. soudthichaki — Khun Don, Phou Hin Poun N.P., Khammouane Prov., Laos 
(type locality); 24 — C. jaegeri — Thakhek, Khammouane Prov., Laos (type 
locality); 25 — C. lomyenensis — Lomyen Cave, Gnommalath, Khammouane 
Prov., Laos (type locality); 26 — C. rufford — Nang Log cave, Gnommalath 
District, Khammouane Prov., Laos (type locality; 27 — C. darevskii, C. 
khammouanensis and C. multiporus — Na Home, Boulapha, Khammouane 
Prov., Laos (type locality); 28 — C. bansocensis — Peopalam Cave, Ban 
Soc, Bualapha District, Khammouane Prov., Laos (type locality); 29 — C. 
calamei, C. hinnamnoensis, C. sommerladi, C. cryptus — Hin Nam No N.P., 
Khammouane Prov., Laos (type locality for C. calamei, C. hinnamnoensis 
and C. sommerladi); 30 — C. roesleri — Ke Go N.R., Ha Tinh - Quang Binh 
provincial border, Vietnam; 31 — C. phongnhakebangensis, C. cryptus and 
C. roesleri — Phong Nha — Ke Bang N.P., Minh Hoa, Quang Binh Prov., 
Vietnam (type locality); 32 — C. kunyai — Suan Hin Pha Ngam, Nong Hin 
District, Loei Prov., Thailand (type locality); 33 — C. interdigitalis - Tham 
Yai Nam Nao, Nam Nao N.P., Phetchabun Prov., Thailand (type locality); 
34 — C. pseudoquadrivirgatus — Huong Hoa, Quang Tri Prov., Vietnam; 
35 — C. pseudoquadrivirgatus — A Luoi, Thua Thien — Hue Prov., Vietnam 
(type locality); 36 — Cyrtodactylus sp. 1 — Ba Na, Da Nang, Vietnam; 
37 — C. buchardi — Kiatngong, Xepian NBCA, Champasak Prov., Laos; 
38 - C. taynguyenensis — Kon Plong, Kon Tum Prov., Vietnam; 39 — C. 
taynguyenensis — Krong Pa (type locality), Kon Ka Kinh N.P. and Kon Chu 
Rang N.R., Gia Lai Prov., Vietnam. 


Zoological Research 39(3): 202-219, 2018 219 


ZOOLOGICAL RESEARCH 


A new species of smooth skink (Squamata: Scincidae: 


Scincella) from Cambodia 


Thy Neang”, Somaly Chan?, Nikolay A. Poyarkov, Jr.^^^ 


! Wild Earth Allies, Sk. Phnom Penh Thmei, Kh. Sen Sok, Phnom Penh, Cambodia 

2 Ministry of Environment, Sk. Tonle Bassac, Kh. Chamkarmorn, Phnom Penh, Cambodia 

3 Department of Vertebrate Zoology, Biological Faculty, Lomonosov Moscow State University, Moscow 119234, Russia 
4 Joint Russian-Vietnamese Tropical Research and Technological Centre, Nghia Do, Cau Giay, Hanoi, Vietnam 


ABSTRACT 


Based on morphological and genetic evidence we 
evaluated the taxonomic status of a newly discovered 
forest-dwelling population of skink (genus Scincella) 
from the Keo Seima Wildlife Sanctuary, Mondulkiri 
Province, Cambodia. From phylogenetic analysis of a 
668-bp fragment of the mtDNA CO! and diagnostic 
morphological characters we allocate the newly 


discovered population to the Scincella reevesii-S. 


rufocaudata species complex and describe it as 
Scincella nigrofasciata sp. nov. The new skink 
species can be distinguished from all other Southeast 
Asian congeners by the following combination of 
morphological characters: snout-vent length (SVL) 
40.0—52.6 mm; relative tail length (TaL/SVL ratio) 
1.25-1.94; prefrontals in broad contact; infralabials 6; 
primary temporals 2; relative forelimb length (FIL/SVL 
ratio) 0.20—0.22; relative hindlimb length (HIL/SVL 
ratio) 0.30—0.33; relative forearm length (FoL/SVL 
ratio) 0.14—0.16; adpressed forelimbs and hind limbs 
either overlapping (0.4—2.2 mm) or separated (1.9—2.3 
mm); midbody scale rows 32-33, paravertebral scales 
69-74, vertebral scales 65-69; dorsal scales between 
dorsolateral stripes 8; comparatively slender fingers 
and toes, subdigital lamellae under fourth toe 15—17; 
dark discontinuous regular dorsal stripes 5—7; distinct 
black dorsolateral stripes, narrowing to lateral sides 
and extending to 52%—86% of total tail length. We 
provide additional information on the holotype of 
Scincella rufocaudata (Darevsky & Nguyen, 1983), and 
provide evidence for the species status of Scincella 
rupicola. Our discovery brings the number of Scincella 


220 Science Press 


species in Cambodia to five and emphasizes the 
incompleteness of knowledge on the herpetofaunal 
diversity of this country. 


Keywords: Mondulkiri; Keo Seima Wildlife 
Sanctuary; Taxonomy; mtDNA; CO/; DNA barcoding; 
Phylogenetics 


INTRODUCTION 


The family Scincidae is one of the most globally diverse groups 
of lizards with 146 genera and about 1 650 species currently 
recognized worldwide (Uetz et al., 2018). Of these, the smooth 
skink genus Scincella Mittleman, 1950 currently contains 34 
species with fragmented distribution, from the North American 
continent (five species) to Japan, Ryukyu Archipelago and 
Taiwan, China, Korean Peninsula, mainland China, and 
Southeast Asia (remaining species) (Ouboter, 1986; Uetz 
et al., 2018). Scincella species are characterized by their 
small size, elongated body, short limbs, relatively long tail, 
smooth subcycloid scales (most species), small oblong head 
with transparent disc in a movable lower eyelid, absence of 
supranasals, pentadactyl hindlimbs, one row of basal subdigital 
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lamellae (most species), median preanals overlapping lateral 
ones, four or more scales bordering the parietals between the 
upper secondary temporals, and lower secondary temporal 
overlapping the upper one (diagnosis follows Greer & Shea, 


2003; Lim, 1998; Nguyen et al., 2010a, 2010b, 2010c). 


Furthermore, the genus Scincella is differentiated from closely 
related Sphenomorphus Fitzinger by the presence of a 
transparent window in the lower eyelid as opposed to lower 
eyelid covered with polygonal scales in Sphenomorphus 
(Greer, 1974; Nguyen et al., 2010a). 

The phylogenetic relationships of Scincella and many 
other Southeast Asian lygosomine skinks remain unresolved 
because they share many morphological similarities (e.g., 
Nguyen et al., 2010a, 2010b). Based on examination 
of museum specimens, Ouboter (1986) undertook a major 
revision of Scincella Mittleman, 1950, which resulted in 
numerous synonymies, some of which are discussed in 
the present paper (see Discussion). The morphological 
similarities and taxonomic uncertainty have hampered further 
progress in the systematics of smooth skinks, with only a 
few species described in the last 15 years, including three 
taxa discovered from Vietnam (Darevsky et al., 2004; Nguyen 
et al., 2010a, 2010b) and one from Mexico (Garcia-Vazquez 
et al., 2010). In the present paper, we follow the taxonomy 
proposed by Darevsky (1990), who transferred Sohenomorphus 
rufocaudatus Darevsky & Nguyen, 1983 to the genus Scincella 
as Scincella rufocaudata (Darevsky & Nguyen, 1983) without 
providing any detailed information on this assignment. This 
taxonomy was accepted subsequently by Nguyen et al. (2011) 
and Neang & Poyarkov (2016). Scincella rufocaudata was 
reported from Cambodia by Stuart et al. (2006) and Stuart 
& Emmett (2006) based on specimens from the Mondulkiri 
Province and Cardamom Mountains of southwest Cambodia 
(see Discussion). Therefore, to date, the genus Scincella 
in Cambodia is represented by four species: that is, S. 
melanosticta (Boulenger), S. cf. rufocaudata (Darevsky & 
Nguyen), S. reevesii (Gray), and S. cf. rupicola (Smith) 
(Grismer et al., 2007, 2008; Neang et al., 2010; Stuart & 


Emmett, 2006, Stuart et al., 2006, 2010) (see below for S. cf. 


rupicola). 

Following recent changes in and transfer of the protected 
area management from the Ministry of Agriculture, Forestry, 
and Fisheries to the Ministry of Environment of Cambodia, the 
Keo Seima Biodiversity Conservation Area was reorganized 
and renamed as the Keo Seima Wildlife Sanctuary, covering 
an area of 292 690 hectares and spanning the Mondulkiri and 
Kratie provinces of south-eastern Cambodia. The sanctuary 
is located in the Keo Seima, O'Raing, and Senmorom districts 
in Mondulkiri Province and Snoul District of Kratie Province in 
Cambodia (Figure 1). Despite its high biodiversity, low level 
of disturbance, and high percentage of forest cover (Nuttall et 


al., 2015), little is known about the sanctuary's herpetofauna. 


Recent herpetological field surveys in Cambodia have focused 
on the Cardamom Mountains (Grismer et al., 2007, 2008; 
Neang et al., 2010, 2015; Stuart & Emmett, 2006), with only two 
undertaken in Mondulkiri Province (Neang & Poyarkov, 2016; 


Stuart et al., 2006). Biogeographically, the hilly areas of the 
eastern plain of Cambodia are linked to the Annamite Range 
(or Truong Son Mountains) of Vietnam (Poyarkov et al., 2017; 
Stuart et al., 2006), where many new herpetofaunal species 
have been described in recent years (Hartmann et al., 2013; 
Nazarov et al., 2012; Nguyen et al., 2013; Poyarkov et al., 2014, 
2015a, 2015b; Rowley et al., 2016). 

During a field survey at Prey Lang in northern central 
Cambodia between June and July 2014, 10 specimens were 
collected and tentatively assigned to Scincella cf. rupicola 
based on their external morphology (Hayes et al., 2015; see 
Discussion). During a second herpetofaunal survey between 
22 and 28 September 2016 in Keo Seima Wildlife Sanctuary in 
south-east Cambodia, we recorded nine species of amphibians 
and 17 species of reptiles. Among these, eight specimens were 
assigned to the genus Scincella based on their body habitus 
and external morphology. However, further morphological and 
molecular analyses indicated that this population represents a 
yet to be described species of Scincella, which we describe 
herein. 


MATERIALS AND METHODS 


Sampling 

The herpetofauna field survey was undertaken during the 
day and night between 22 and 28 September 2015 in 
semi-evergreen forest in Keo Seima Wildlife Sanctuary. 
Specimens were captured by hand and kept in plastic bags 
until the next morning. Specimens were photographed prior 
to euthanasia and subsequent preservation in 1096 formalin. 
Liver tissue samples were taken for molecular analyses prior 
to preservation in formalin and subsequently stored in 9596 
ethanol. Upon arrival to the collection, the specimens were 
washed in water for 12 h, then transferred to 70% ethanol 
for storage. Specimens were deposited in the Zoological 
Museum at the Centre for Biodiversity Conservation of the 
Royal University of Phnom Penh (CBC RUPP). Additionally, 
we examined the type series, including the holotype specimen 
of Sphenomorphus rufocaudatus Darevsky & Nguyen, 1983 
(ZISP 19797, St. Petersburg, Russia). 


Morphological analyses 

Characters were observed under a Nikon SMZ 645 dissecting 
microscope and measured with a digital caliper to the nearest 
0.1 mm and ratio to 0.01. The following morphometric 
characters were measured: eye diameter (ED) — maximum 
horizontal diameter of eye; forearm length (FoL) — length 
between forelimb elbow and tip of fourth finger with limb held at 
right angle to body; forelimb length (FIL) — length between axilla 
and tip of fourth finger with limb held at right angle to body; 
head depth (HD) — maximum height posterior to extremity of 
eye; head length (HL) — length from tip of snout to posterior 
margin of parietals; hind limb length (HIL) — length from groin 
and tip of fourth toe with limb held at right angle to body; 
head width (HW) — maximum width of head; snout-forelimb 
length (SFIL) — length from snout to anterior margin of axilla; 
snout length (SnL) — length from anterior corner of eye to tip 
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of snout; snout-tympanum length (STL) — length from snout 
to anterior margin of tympanum; snout to vent length (SVL) 
— length from tip of snout to vent; tail length (TaL) — length 
from vent to tip of tail; tympanum diameter (TD) — maximum 
diameter of ear; trunk length (TrunkL) — length from posterior 
margin of axilla to anterior groin, with limbs held at right angles 
to body. Scale counts included: supralabials (SL) — number of 
upper labial scales; infralabials (IL) — number of lower labial 
scales; temporals including primary temporals — number of 
scales above posterior supralabial, posterior postsuboculars, 
and below parietal and secondary temporal; supraciliaries — 


LEGEND 


W Scincella cf. rupicola 

© Scincella doriae 

A Scincella melanosticta 

O Scincella reevesii 

@ Scincella rufocaudata 

> Scincella nigrofasciata sp. nov. 


counted following Ouboter (1986) and Lim (1998); enlarged 
nuchals (EnLN) — number of enlarged nuchal scales contacting 
to parietals posteriorly; midbody scale rows (MBSR) - scales 
around midpoint of trunk; paravertebral scale rows (PVSR) 
— number of scales from posterior edge of parietals to point 
opposite vent; dorsal scale rows between dorsolateral stripes 
(DBR) — number of dorsal scale rows at midbody between dark 
dorsolateral stripes, following Inger et al. (1990); ventral scales 
(VS) — number of scales between gulars and preanal scales; 
subdigital lamellae under fourth finger (SDLF4); subdigital 
lamellae under fourth toe (SDLT4). 





Figure 1 Map showing type locality of Scincella nigrofasciata sp. nov. at Keo Seima Wildlife Sanctuary, eastern plain, Cambodia, 


and locations of populations included in molecular analyses 


For locality information also see Table 2: 1: Phnom Samkos W.S., Pursat Province, southwest Cambodia; 2: Kon Ka Kinh N.P., southern sector, Gia Lai 


Province, Vietnam; 3: Kon Ka Kinh N.P., eastern sector, Gia Lai Province, Vietnam; 4: Keo Seima W.S., Mondulkiri Province, Cambodia (type locality of Scincella 


nigrofasciata sp. nov.); 5: Bidoup - Nui Ba N.P., Lam Dong Province, Vietnam; 6: Veal Veng District, Pursat province, Cardamom Mountains, Cambodia; 7: Kon 


Chu Rang N.R., Gia Lai Province, Vietnam; 8: Kuleaen District, Preah Vihear Province, Cambodia; 9: Phnom Kulen District, Krong Siem Reap, Cambodia; 10: 


Buon Luoi, Gia Lai Province, Vietnam (type locality of Scincella rufocaudata; not sampled). White dot indicates type locality. 


Morphological data used for comparisons were taken from 
previously published literature, namely, Taylor (1963); Darevsky 
& Nguyen (1983); Ouboter (1986); Darevsky & Orlov (1997); 
Gonzalez et al. (2005); Stuart et al. (2006); Stuart & Emmett 
(2006); Nguyen et al. (2010a, 2010b); Luu et al. (2013), and 
Pham et al. (2015) (Table 1), and from examination of museum 
specimens (Appendix |). Museum abbreviations include: CBC, 
Centre for Biodiversity Conservation, Royal University of 
Phnom Penh, Cambodia; ZISP, Zoological Institute, Russian 
Academy of Sciences, St. Petersburg, Russia; ZMMU, 
Zoological Museum of Moscow University, Moscow, Russia. 
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DNA isolation, PCR, and sequencing 

For molecular analysis, we examined 22 specimens of 
Scincella from Cambodia and adjacent areas of Vietnam, with 
the sequence from Sphenomorphus maculatus used as an 
outgroup (Table 2). The geographic locations of the examined 
populations are shown in Figure 1. 

For molecular phylogenetic analyses, total genomic DNA 
was extracted from ethanol-preserved femoral muscle and liver 
tissues using standard phenol-chloroform-proteinase K (final 
concentration 1 mg/mL) extraction, with subsequent isopropanol 
precipitation (protocols per Hillis et al., 1996 and Sambrook et 


al., 1989). Isolated total genomic DNA was visualized by 1.5% 
agarose gel electrophoresis in the presence of ethidium bromide. 
The concentration of total DNA was measured in 1 uL using 
a NanoDrop 2000 (Thermo Scientific, USA), and consequently 
adjusted to 100 ng DNA/LL. 

We amplified a 653-bp fragment of cytochrome oxidase | 
(COI), a mitochondrial marker widely used as a DNA-barcoding 
marker for vertebrates, including reptiles and amphibians 
(Murphy et al, 2013; Nagy et al, 2012; Smith et al., 
2008), and for species identification in various groups of 
lizards (Amarasinghe et al., 2017; Hartmann et al., 2013; 
Nazarov et al., 2012, 2014; Orlova et al., 2017 Solovyeva 
et al, 2011, 2014). We used two primer pairs for 
PCR and sequencing, depending on their performance in 
PCR, for different samples. The first primer pair was 
VF1-d (5'-TTCTCAACCAACCACAARGAYATYGQG-3', forward 
primer) and VR1-d (5’-TAGACTTCTGGGTGGCCRAARAAY 
CA-3’, reverse primer) (Ivanova et al., 2006); the second 
primer pair was RepCOI-F (5’-TNTTMTCAACNAACCACAAA 
GA-3’, forward primer) and RepCOI-R (5'-ACTTCTGGRTGKC 
CAAARAATCA-3’, reverse primer) (Nagy et al., 2012). PCR 
arrays were performed in 25-uL reactions using 50 ng of 
genomic DNA, 10 pmol of each primer, 15 nmol of each dNTP, 
50 nmol additional MgClo, Taq PCR buffer (10 mmol/L Tris-HCl, 
pH 8.3, 50 mmol/L KCl, 1.1 mmol/L MgCls, and 0.01% gelatin), 
and 1 U of Tag DNA polymerase. The PCR conditions for the 
COlI gene fragment followed Nazarov et al. (2012) and included 
an initial denaturation step at 95 °C for 3 min; 5 cycles at 95 °C 
for 30 s, annealing at 45 °C for 1 min, extension at 72 °C for 2 
min, followed with 35 cycles at 95 °C for 30 s, annealing at 51 
°C for 1 min, extension at 72 °C for 2 min, and final extension 
at 72 °C for 5 min. 

The PCR products were loaded onto 1.5% agarose gels in 
the presence of ethidium bromide and visualized by agarose 
electrophoresis. If distinct bands were produced, products 
were purified using 2 uL from a 1:4 dilution of ExoSap-lt 
(Amersham, UK) per 5 uL of PCR product prior to cycle 
sequencing. The 10-uL sequencing reaction included 2 uL 
of template, 2.5 uL of sequencing buffer, 0.8 pL of 10 
pmol primer, 0.4 uL of BigDye Terminator v3.1 Sequencing 


Standard (Applied Biosystems, USA), and 4.2 uL of water. 


The cycle sequencing reaction consisted of 35 cycles of 10 
s at 96 °C, 10 s at 50 °C, and 4 min at 60 °C. Cycle 


sequencing products were purified by ethanol precipitation. 


Sequence data collection and visualization were performed 
on an ABI 3730xl automated sequencer (Applied Biosystems, 
USA). The obtained fragments were sequenced in both 
directions for each sample, and a consensus sequence was 
generated using SegMan v5.06 (Burland, 1999). The obtained 
sequences were deposited in GenBank under accession 
numbers MH119607—MH1 19629 (Table 2). 


Phylogenetic analyses 
The COI dataset subjected to phylogenetic analyses included 
22 Scincella representatives from Cambodia and Vietnam and 


Sphenomorphus maculatus used as an outgroup to Scincella 
based on Pyron et al. (2013) (Table 2). 

Nucleotide sequences were initially aligned using ClustalX 
1.81 (Thompson et al., 1997) with default parameters, and then 
optimized manually in BioEdit 7.0.5.2 (Hall, 1999) and MEGA 7.0 
(Kumar et al., 2016). The final alignment included 668 sites. 
Mean uncorrected genetic distances (P-distances) between 
sequences were determined with MEGA 7.0. MODELTEST 
v.3.06 (Posada & Crandall, 1998) was used to estimate the 
optimal model of DNA evolution. The best-fitting models selected 
for the COI dataset were SYM- for the first, F81+1 for the second, 
and HKY+G for the third codon positions, as suggested by the 
Akaike Information Criterion (AIC). 

Phylogenetic trees were inferred using Bayesian inference 
(Bl) and maximum likelihood (ML). Bl was conducted in 
MrBayes 3.1.2 (Huelsenbeck & Ronquist, 2001; Ronquist & 
Huelsenbeck, 2003); Metropolis-coupled Markov chain Monte 
Carlo (MCMCMC) analyses were run with one cold chain and 
three heated chains for four million generations and sampled 
every 1 000 generations. Five independent MCMCMC runs 
were performed and 1 000 trees were discarded as burn-in. 
We checked the convergence of the runs and that the effective 
sample sizes (ESS) were all above 200 by exploring the 
likelihood plots using TRACER v1.5 (Rambaut & Drummond, 
2007). Confidence in tree topology was assessed by posterior 
probabilities (BPP) (Huelsenbeck & Ronquist, 2001). The ML 
analyses were conducted using Treefinder (Jobb et al., 2004). 
Confidence in tree topology was tested by non-parametric 
bootstrap analysis (MLBS) with 1 000 replicates (Felsenstein, 
1985). We a priori regarded tree nodes with bootstrap (MLBS) 
values of 7096 or greater and posterior probabilities (BPP) 
values over 0.95 as sufficiently resolved, those MLBS between 
70% and 50% (BPP between 0.95 and 0.90) as tendencies, 
and those MLBS below 5096 (BPP below 0.90) as unresolved 
(Felsenstein, 2004; Huelsenbeck & Hillis, 1993). 


RESULTS 
Molecular differentiation of Scincella species in Cambodia 


Sequence data 


Final alignment of the examined mtDNA CO! gene fragments 
consisted of 668 sites, with 445 conserved sites and 223 
variable sites, of which 220 were parsimony-informative. 
The transition-transversion bias (R) was 4.59. Nucleotide 
frequencies were 24.1696 (A), 29.2196 (T), 27.8296 (C), and 
18.8196 (G) (data given for ingroup only). 


Genealogical relationships and species identification 
inferred from CO/ dataset 


The BI and ML analyses showed essentially similar topologies 
(Figure 2), differing only slightly from each other in associations 
at several poorly supported basal nodes. All six examined 
species of Scincella formed six corresponding clades with high 
levels of node support (BPP=1.0; MLBS=100%). 
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Table 1 Morphometric and meristic characters of Scincella nigrofasciata sp. nov. 











CBC02546 CBC02545 CBC02840 CBC02841 CBC02842 p 
Characters Min-Max 
Holotype (F) Paratype (M) Paratype (F) SubA SubA 

SVL 52.6 50.2 50.6 42.0 40.0 40.0-52.6 
TaL 84.0 97.3 63.0 65.7 broken 63.0-97.3 
HL 8.5 8.9 8.3 74 6.9 6.9-8.9 
HW 6.1 6.3 6.2 5.1 5.1 5.1-6.3 
HD 4.2 4.5 4.4 4 3.8 3.8-4.5 
SnL 3.4 3.8 3.2 3.0 3.0 3.0-3.8 
STL 8.8 9.4 8.4 7.6 7.6 7.6-9.4 
SFIL 16.9 17.8 15.8 15.0 14.0 14.0-17.8 
TD 1.5 1.6 1.5 1.3 1.3 1.3-1.6 
FoL 7.4 8.2 7.4 6.5 6.3 6.3-8.2 
FoL/SVL 0.14 0.16 0.15 0.15 0.16 0.14-0.6 
FIL 10.8 10.8 10.2 9.1 9.0 9.0-10.8 
HIL 16.6 16.8 16.3 13.6 18.3 13.3-16.8 
TrunkL 29.7 25.8 28.4 22.3 20.1 20.1—29.7 
TaL/SVL 1.60 1.94 1.25 1.27 N/A 1.25-1.94 
FIL/SVL 0.21 0.22 0.20 0.20 0.20 0.20-0.22 
HIL/SVL 0.32 0.33 0.32 0.30 0.30 0.30-0.33 
TrunkL/SVL 0.56 0.51 0.56 0.50 0.50 0.50-0.56 
FIL/TrunkL 0.4 0.4 0.4 0.4 0.4 0.4 
HIL/TrunkL 0.6 0.7 0.6 0.6 0.7 0.6-0.7 
TrunkL/(FIL+HIL) 1.1 0.9 1.1 1.0 0.9 0.9-1.1 
Adpressed limbs -2.3 1.8 -1.9 0.4 2.2 -2.3-2.2 
SL 6 7 7 7 7 6-7 
IL 6 6 6 6 6 6 
Supraciliaries 8 7 7 8 7 7-8 
Prefrontal in contact + + + + + + 
Supraoculars 4 2L-3R 4 4 4 2-4 
Lower eyelids lransparent rangparent Jransparent ltangparent Transparent Transparent 

window window window window window window 
Primary temporal 2 2 2 2 2 2 
Ypper secondary Yes Yes Yes Yes Yes Yes 
temporal enlarged 
EnLN Weakly enlarged 1 Weakly enlarged Weakly enlarged Weakly enlarged 0-1 
Lebules on Pena, Absent Absent Absent Absent Absent Absent 
ear opening 
Smooth dorsal scales Yes Yes Yes Yes Yes Yes 
MBSR 32 32 32 32 33 32-33 
PRVSR 74 69 71 74 70 69-74 
Ventral scales 69 65 68 69 65 65-69 
Precloacals 2 2 2 2 2 2 
Inner overlapping outers Yes Yes Yes Yes Yes Yes 
DBR 8 8 8 8 8 8 
SDLF4 11 11 10L-11R 11 11 10-11 
SDLT4 16 16 15 17 16 15-17 
Dorsal color Dark brown Dark brown Dark brown Dark brown Dark brown Dark brown 
Dark vertebral stripe Yes Yes Yes Yes Yes Yes 
Dorsal stripes 5-7 5-7 5-7 5-7 5-7 5-7 
Upper flank Distinct Distinct Distinct Distinct Distinct Distinct 
(dorsolateral) bands regular black regular black regular black regular black regular black regular black 
Pad and lamellae color Dark grey Dark grey Dark grey Dark grey Dark grey Dark grey 
25.0: bitureatng N/A 63% N/A N/A N/A 63% 


hemipenis length 





Abbreviation of character states: in contact (+); male (M), female (F), subadult (SubA); positive values in "Adpressed limbs" correspond to 
length of overlap between adpressed limbs (in mm); negative values correspond to length of gap separating finger tips of fore- and hindlimbs 
when adpressed (in mm), L (left); R (right). 
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Table 2 Specimens and sequences of Scincella representatives used in molecular analyses of the mtDNA CO/ gene fragments 





Museum Specimen ID GenBank accession No. Species 


Locality 





CBC01357 MH119607 Scincella reevesii 
CBCO01358 MH119608 Scincella reevesii 
CBCO01380 MH119609 Scincella reevesii 
CBC01379 MH119610 Scincella reevesii 

ZMMU NAP-06163 MH119611 Scincella rufocaudata 
ZMMU NAP-06164 MH119612 Scincella rufocaudata 
CBC02545 MH119613 Scincella nigrofasciata sp. nov. 
CBC02546 MH119614 Scincella nigrofasciata sp. nov. 
ZMMU R-13268-00412 MH119616 Scincella doriae 

ZMMU R-13268-00505 MH119615 Scincella doriae 

ZMMU R-13268-01062 MH119617 Scincella doriae 

CBC01431 MH119618 Scincella melanosticta 
CBC01808 MH119619 Scincella melanosticta 
CBCO01430 MH119620 Scincella melanosticta 
ZMMU NAP-05519 MH119621 Scincella melanosticta 
ZMMU NAP-06376 MH119622 Scincella melanosticta 
S.r.-1 (no voucher) MH119623 Scincella cf. rupicola 

S.r.-2 (no voucher) MH119624 Scincella cf. rupicola 

S.r.-3 (no voucher) MH119625 Scincella cf. rupicola 

S.r.-4 (no voucher) MH119626 Scincella cf. rupicola 

S.r.-5 (no voucher) MH119627 Scincella cf. rupicola 

S.r.-6 (no voucher) MH119628 Scincella cf. rupicola 
ZMMU R-13680-00094 MH119629 Sphenomorphus maculatus 


1) Phnom Samkos W.S., Pursat Province, southwest Cambodia 
1) Phnom Samkos W.S., Pursat Province, southwest Cambodia 
1) Phnom Samkos W.S., Pursat Province, southwest Cambodia 
1) Phnom Samkos W.S., Pursat Province, southwest Cambodia 
2) Kon Ka Kinh N.P., southern sector, Gia Lai Province, Vietnam 
3) Kon Ka Kinh N.P., eastern sector, Gia Lai Province, Vietnam 
4) Keo Seima W.S., Mondulkiri Province, Cambodia 
4) Keo Seima W.S., Mondulkiri Province, Cambodia 
5) Bidoup - Nui Ba N.P., Lam Dong Province, Vietnam 
5) Bidoup - Nui Ba N.P., Lam Dong Province, Vietnam 
5) Bidoup - Nui Ba N.P., Lam Dong Province, Vietnam 
6) Phnom Samkos W.S., Pursat Province, southwest Cambodia 
6) Phnom Samkos W.S., Pursat Province, southwest Cambodia 
6) Phnom Samkos W.S., Pursat Province, southwest Cambodia 
7) Kon Chu Rang N.R., Gia Lai Province, Vietnam 

7) Kon Chu Rang N.R., Gia Lai Province, Vietnam 

8) Kuleaen District, Preah Vihear Province, Cambodia 

8) Kulaeen District, Preah Vihear Province, Cambodia 

8) Kulaeen District, Preah Vihear Province, Cambodia 

8) Kuleaen District, Preah Vihear Province, Cambodia 

9) Phnom Kulen District, Krong Siem Reap, Cambodia 

9) Phnom Kulen District, Krong Siem Reap, Cambodia 

Cat Tien N.P., Dong Nai Province, Vietnam 








N.P.: National Park; N.R.: Nature Reserve; W.S.: Wildlife Sanctuary. For locality numbers see Figure 1. 


The partial COI gene fragment can be applied as a 
DNA-barcoding marker, but should not be used as a single 
tool for reconstructing phylogenetic relationships (Murphy et 
al., 2013). However, the examined fragment clearly showed 
that S. reevesii from the Cardamom Mountains in Cambodia, 
S. rupicola from central Cambodia, S. rufocaudata from central 
Vietnam, and the newly discovered population of Scincella from 
Mondulkiri Province formed a well-supported clade (BPP=0.99; 
MLBS=95%), though phylogenetic relationships within this 
clade were essentially unresolved. Scincella reevesii from 
Cardamom Mountains and S. rufocaudata from central Vietnam 
were phylogenetically close to each other and represented 
sister species in our analyses (Figure 2). There was 
slight differentiation within S. rupicola, which clustered in two 
reciprocally monophyletic groups. 


Genetic distances 


The uncorrected genetic P-distances in the examined COI 
gene fragments among and within the studied Scincella 
species are shown in Table 3. 


The observed interspecific distances in the COI gene 
between the examined Scincella species varied from P=8.84% 
(between S. reevesii and S. rufocaudata) to P=21.58% 
(between S. rupicola and S. melanosticta) (Table 3). The 
observed intraspecific distances in our analysis varied from 
P=0.16% to P=2.99%, with the latter value corresponding 
to genetic differentiation between mtDNA lineages of S. 
rufocaudata (Table 3). 


Systematics 
The newly discovered population of Scincella from Mondulkiri 
Province represents an independent mtDNA lineage, with 
phylogenetic relationships to S. reevesii, S. rufocaudata, and 
S. rupicola (Figure 2). This population was clearly distinct in 
COI sequences from all examined congeners with P-distances 
in interspecific comparisons varying from 13.2996 (with S. 
rufocaudata) to 19.92% (with S. melanosticta) (Table 3), 
indicating deep divergence in the examined mtDNA marker. 
Morphologically the Mondulkiri population of Scincella 
also showed affinities with S. reevesii and S. rufocaudata; 
however, it can be easily diagnosed from these species and 
other congeners inhabiting the Indochina region by several 
morphological diagnostic characters (see Comparisons below). 
Herein, we describe this population as a new species. 
Scincella nigrofasciata sp. nov. 


Figures 1—8; Tables 1—6. 


Holotype: CBC02546, adult female, collected by Thy Neang 
on 25 September 2016 at N12?19/12.3", E107?04/20.8", 508 
m a.s. in Keo Seima Wildlife Sanctuary, O'Raing District, 
Mondulkiri Province, Cambodia. 


Paratypes: CBC02545, adult male, CBC02840, adult female, 
and CBCO02841-42, two subadults, collected by Thy Neang at 
the same date and locality as given for the holotype. 


Referred materials: CBC02843-45, three juveniles, collected 
by Thy Neang at the same date and locality as given for the 
holotype. 


Zoological Research 39(3): 220—240, 2018 225 





















1.0/100 


0.08 


1.0/100! CBC02545 


ZMMU R-13680-00094 


ZMMU R-13268-00505 
ZMMU R-13268-00412 
ZMMU R-13268-01062 


S. doriae 
0.98/96 | CBC01379 
CBC01380 S e 
1.0100 | cB co4358 . reevesil 
CBC01357 


ZMMU NAP-06164 


1.0/100 -ZMMU NAP-06163 S. rufocaudata 


S. cf. rupicola 


0.98/1001S.r.-5 


Scincella nigrofasciata sp. nov. 


ZMMU NAP-05519 
1.0/100| ZMMU NAP-06376 
CBC01808 
4.01984 CBC01430 
CBC01431 


Sphenomorphus maculatus 


CBC02546 


S. melanosticta 


Figure 2 Bayesian inference dendrogram of Scincella derived from analysis of a 668-bp fragment of mtDNA COI gene 


Voucher specimen IDs and GenBank accession numbers are given in Table 2. Sphenomorphus maculatus was used as an outgroup. Numbers near nodes 


represent posterior probability (BPP) or bootstrap support values (MLBS, 1 000 replicates) for BI/ML inferences, respectively. 


Table 3 Genetic divergence between and within the examined Scincella species 








Species 1 2 3 4 5 6 7 
1 Scincella nigrofasciata sp. nov. 0.16 1.43 1.33 1.49 1.50 1.48 1.66 
2 Soincella reevesii 15.96 0.37 1.02 140 1.52 1.64 1.70 
3 Scincella rufocaudata 13.29 884 2.99 1.35 1.52 166 1.74 
4  Scincella doriae 17.48 21.12 19.21 0.63 1.57 1.57 1.71 
5  Scincella melanosticta 19.92 18.43 19.26 18.82 0.41 1.62 1.70 
6 Scincella cf. rupicola 16.72 20.70 19.05 20.00 21.58 2.54 1.65 
7 Sphenomorphus maculatus 18.48 21.78 20.68 20.13 21.76 19.94 — 





Uncorrected P-distances (percentages) between CO! sequences of Scincella species included in phylogenetic analyses (below diagonal) and 


standard error estimates (above diagonal). Ingroup mean uncorrected interspecific P-distances are shown on the diagonal. 


Diagnosis: The new species was assigned to the genus 
Scincella Mittleman, 1950 as it shows morphometric and 
meristic characters matching the diagnosis for this genus. 
Scincella nigrofasciata sp. nov. can be diagnosed from 
other congeners by the following combination of morphological 
attributes: (1) slender and medium-sized, SVL 40.0—52.6 
mm; (2) tail relatively long, TaL/SVL (1.25-1.94); (3) FIL/SVL 
0.20—0.22; (4) HIL/SVL 0.30—0.33; (5) forelimbs and hind limbs 
either slightly overlapping (0.4—2.2 mm) or slightly separated 
(1.9-2.3 mm) when adpressed to body toward each other; 
(6) infralabials 6; (7) supraciliaries 7—8; (8) prefrontals in 
broad contact; (9) primary temporals 2; (10) nuchal scales 
weakly enlarged; (11) external ear opening without lobules; 
(12) dorsal scales smooth: MBSR 32-33, PRVSR 69-74, VS 
65-69, DBR 8; (13) SDLT4 15-17; (14) coloration pattern 
with dorsum dark brown/greyish-brown in life with 5—7 regular 
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discontinuous dorsal dark stripes (formed by series of dark dots 
or elongated black spots), including paravertebral stripes, wide 
black dorsolateral stripes, 2-3 scale rows in width, starting from 
posterior corner of eye and continuing to lateral side of tail, 
extending 5296—86?6 of total tail length; and (15) hemipenis 
bifurcating about 63% of its total length to base. 


Description of holotype (Figure 3): A gravid adult female, SVL 
52.6 mm; tail relatively long, TaL 84 mm, (TaL/SVL 1.6); head 
elongated, HL 8.5 mm (HL/SVL 0.16), longer than wide, HW 
6.1 mm (HW/HL 0.72), slightly depressed, HD 4.2 mm (HD/HL 
0.49). Neck rather slender, slightly distinct from head. 


Head: Snout rounded in profile and dorsal view, SnL 3.4 
mm, more than twice as long as TD (1.5 mm); STL 8.8 
mm; SFIL 16.9 mm, comprising about one third of SVL; 
ear vertically oval, TD 1.5 mm; ED 2.5 mm; diameter of 


cornea 1.3 mm; rostral broad, (width 1.7 mm), almost three 
times greater than height (0.6 mm), visible from above, in 
contact with 15t SL laterally, nasals and frontonasal posteriorly; 
supranasals absent; frontonasal broad, subtrapezoidal in 
shape, anterior side forming almost straight suture (0.6 mm) 
with rostral, posterior width 1.7 mm, as wide as rostral, little 
more than twice as wide as length (0.8 mm), in contact 
with nasals and 1% loreal laterally, posterior margin slightly 
overlapping prefrontals; prefrontals in broad contact, laterally 
bordered by two loreals, frontal posteriorly; frontal elongated 
(length 2.8 mm), kite-shaped, posterior part much longer 
than anterior; greatest width anteriorly 1.4 mm, twice as 
narrow as length (width/length 0.5); frontal in contact with 
1st and 2° supraoculars laterally, frontoparietals posteriorly, 
anterior corner of rostral end slightly separating posterior 
portions of prefrontals medially, posterior corner of frontal 
slightly overlapping medial suture between frontoparietals; 
frontoparietals two, each diamond-shaped, together forming 
a butterfly-shape with median suture 1.2 mm, in contact 
with 2^9, 3'9, and 4 supraoculars laterally, interparietal and 
parietals posteriorly; interparietal rather small, kite-shaped, 
with posterior portion little longer than anterior, in contact 
with parietals posteriorly, anterior corner of interparietal acute, 
slightly intruding into median suture between frontoparietals; 
parietals large, in contact with each other posteriorly (suture 
0.6 mm behind posterior corner of interparietal), narrowly 
contacting 4^ supraocular and posterior supraciliary scale, in 
broad contact with upper secondary temporal laterally and four 
nuchal scales posteriorly. Naris rounded, laterally pierced in 
nasal scale; nasals in contact with 15t SL ventrally, frontonasal 
dorsally, 1% loreal posteriorly; loreals two, anterior loreal 
rhomboidal, in contact with 2^9 SL ventrally, frontonasal and 
prefrontal dorsally, posterior loreal subtrapezoidal, in contact 
with 2" and 3 SL ventrally, preocular and upper presubocular 
posteriorly, prefrontal and anterior supraciliary scale dorsally; 
preocular one, elongate, triangular, in contact with anterior 
supraciliary scale dorsally, anterior edge of orbit posteriorly, 
anterior presubocular ventrally; supraciliaries eight, anterior 
two largest; supraoculars four, first two contacting frontal, 
second to third contacting frontoparietal; presuboculars three, 
posterior-most slightly intruding into suture between 3” and 4^ 
SL, anterior-most triangular, slightly larger than posterior-most 
presubocular; suboculars two, both contacting 4^ SL, 
anterior slightly overlapping posterior one, slightly overlapped 
by lower presubocular, posterior broadly overlapping lower 
postsubocular, both bordered above by granular scales of 
lower eyelid; postoculars two; postsuboculars four (left side) 
and five (right side), lowest slightly intruding between 4'^ 
and 5” SL, uppermost largest; lower eyelid with distinct 
transparent disc (window) bordered above by small palpebral 
scales; supralabials six, 15t smallest, 4" located ventral to 
window of eye, 5 largest; infralabials six, 15t smallest, 5t 
largest; primary temporals two, lower larger, sub-rhomboid, 
anteriorly in contact with 3'* and 4'^ postsuboculars, ventrally 
with 5" and 6! SL, posteriorly with lower secondary temporal, 
upper primary temporal subrhomboid, anteriorly in contact 


with 19 and 2"4 postsubocular anteriorly, posteriorly with 
both secondary temporals; secondary temporals two, lower 
smaller, overlapping upper, in contact with 6 SL ventrally, 
upper secondary temporal about twice as large as lower, 
in contact with posterior-most postsubocular anteriorly, with 
parietal dorsally and nuchal scale posteriorly; nuchal scales 
four, bordering posterior edge of parietals, slightly enlarged in 
comparison with adjacent posterior scales. Mental rounded, 
width (1.6 mm) more than twice as wide than long (0.7 
mm), in contact with 1% IL laterally, postmental posteriorly; 
postmental large, width (2.0 mm) greater than length (1.1 mm), 
in contact with 15t and 2"¢ IL laterally, 1% chinshield posteriorly; 
chinshields in three pairs, 1*' pair in broad contact median with 
each other, contacting 3 IL laterally, 2^4 pair separated by 
subtriangular gular scale, contacting 4 IL laterally, 3 pair 
separated medially by three gular scales, in contact with 5" 
and 6" IL laterally and three gular scales posteriorly. 


Body, limbs, and tail: Body scales smooth, cycloid, imbricate; 
dorsal scales between dorsal stripes 12+8+'%, same size as 
ventral scales, slightly larger than those on body sides and 
gular scales; scales on anterior flanks between tympanic region 
and posterior margin of axilla smaller than adjacent dorsal 
scales; MBSR 32; PRVSR 74; VS 69; enlarged preanal scales 
two, median scales overlapping outer; subcaudal scales 111, 
anterior in three rows, reducing to two at quarter of tail length 
and one row about half way to tail tip, slightly larger than 
surrounding scales. Trunk relatively long, TrunkL 29.7 mm, little 
more than half of SVL, more than addition of FIL and HIL, ratio 
of TrunkL/(FIL+HIL) 1.1; forelimb short, FIL 10.8 mm (FIL/SVL 
0.21); forearm short, rather slender, FoL 7.4 mm (FoL/SVL 
0.14); hindlimb longer than forelimb, HIL 16.6 mm (HIL/SVL 
0.32), limbs separated by 2.3 mm when adpressed (4.4% of 
SVL); digits slender; SDLF4 11; SDLT4 16. 


Coloration in life: In life, the female holotype CBC02546 
had the same color as female paratype CBC02840 (Figure 
4). Dorsal surface of head, dorsum, and base of tail 
dark bronze-brown, side of head between tip of snout and 
forelimb insertion dark brown; dorsal surface of remaining tail 
reddish-brown. Dark broken regular dorsal stripes anteriorly 
and on tail (5) and posteriorly on body (7), formed by series 
of dark dots or elongated black spots, including wider dark 
paravertebral stripe; anterior part of dorsum with dorsal stripes 
formed by series of dots, posterior part of dorsum with 
dark dot-formed regular dorsal stripes reaching base of tail, 
continuing with dark stripes on dorsal surface of tail, extending 
about one-third of tail length; light laterodorsal stripes from 
behind eye, through temporals, along dorsolateral scale row 
to lateral sides of tail, and fading at one-third of tail length; 
large distinct regular black longitudinal dorsolateral stripe on 
each side of body, covering two to three scale rows, starting 
as narrow stripe covering about one scale row, running 
from posterior corner of eye through upper temporals, above 
tympanum, expanding wider to two scale rows above axilla, 
running below light dorsolateral stripe, along upper flanks 
through upper angle of groin to lateral surface of tail, becoming 
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indistinct at posterior lateral tail (~12 mm from tail tip); body 
flanks ventrally with whitish-beige longitudinal streaks and dark 
markings on bluish-brown background; ventrolateral surfaces 
from below level of eye to axillary region with longitudinal 
whitish-grey streaks and dark marking on reddish-brown 
background; lateral surfaces of tail reddish-brown; dorsal 


surfaces of limbs with irregular dark blotches on dark brown 
background. Ventral surfaces of head, gular region, body, 
and limbs uniformly white; ventral surface of tail uniform 
pinkish-cream. Palmar surfaces of hands and thenar surfaces 
of feet dark grey. Iris light-grey. 





Figure 3 Female holotype of Scincella nigrofasciata sp. nov. (CBC02546) in preservative 


A: Dorsal view; B: Ventral view; C: Dorsal view of head; D: Lateral view of head; E: Ventral view of head. Scale bar: 5 mm. Photos by Thy Neang. 
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Coloration in preservative: In preservative, dorsal surfaces 
of holotype turned dark greyish-brown; wide dorsolateral black 
stripe remained distinct; head with faint irregular dark spots, 
pineal ocellus present as single white dot on posterior part of 
interparietal; sides of head and supralabials with dark mottling; 
infralabials with dark spots; lateral sides of tail with small 
dark spots; throat and ventral surface of body and limbs 
greyish-cream; ventral surface of tail lighter cream; palmar 
surface of hand, fingers, and toes dark grey (Figure 3, Figure 
7D, E, F). 


Variation: — Paratypes (Table 1) resemble holotype in 


most morphometric and meristic characters and coloration. 


Noteworthy variation is that the holotype has six SL on 


each side of the head, whereas all paratypes have seven. 


CBC02545 has two supraoculars on left side, second posterior 
one larger with clear short suture indicating incomplete fusion 
of two posterior supraoculars; three supraoculars on right 
side, third with clear short suture indicating incomplete fusion 
with fourth posterior-most supraocular; one distinct pair of 
enlarged nuchal scales (remaining specimens have weakly 
enlarged nuchals) and first pair of chinshields in narrow contact 


with each other (vs. in broad contact in other specimens). 


CBC02545 has four postsuboculars and CBC02840 has five 
postsuboculars on both sides. Male paratype exhibits greater 


tail length (97.3 mm) than female holotype and paratypes. 


All specimens have six nuchal scales posterior to parietals, 
except subadult CBC02842, which has seven. In life, male 
shows distinctly more reddish-brown coloration of dorsum, 
with indistinct mid-dorsal stripe; throat, lower body flanks, 
ventral surfaces of body, lateral and ventral surfaces of tail 


in male show distinct reddish-orange coloration (Figure 4B). 


In preservative, reddish-orange coloration faded and became 
paler (Figure 7D). 


Natural history: The species was recorded from 
semi-deciduous lowland forests at elevations ca. 400-500 m 
a.s.l. in Keo Seima Wildlife Sanctuary from the eastern plain of 
Cambodia. Most specimens were encountered during the day, 
but juveniles CBC02843-45 were encountered at night among 
leaf litter. The holotype female CBC02546, paratype male 
CBC02545, and subadult CBC02841 were spotted moving 
near rotten logs, female CBC02840 was moving along the 
ground on the forest floor, and subadult CBC02842 was found 
under a rotten log. Diet and reproductive biology of the new 
species remain unknown. The gravid female holotype carried 
two eggs. 


Etymology: The specific epithet is from the Latin words “niger” 
for "black" and "fascia" for "band", in reference to the wide black 
dorsolateral stripes typical for this species. 


Distribution: To date known only from the type locality in Keo 
Seima Wildlife Sanctuary, O'Raing District, Mondulkiri Province, 
Cambodia at elevations ca. 400—500 m a.s.l.. However, the 
discovery of this species in adjacent areas of southern Vietnam 
is highly expected. 


Comparisons: The morphological characters distinguishing 
the new species from its Southeast Asian congeners are 
summarized in Table 4. Morphological comparisons of 
Scincella species found in Cambodia are given in Table 5. 
Scincella nigrofasciata sp. nov. can be diagnosed from S. 
apraefrontalis Nguyen, Nguyen, Bóhme and Ziegler, 2010 of 
Vietnam by its longer SVL (40.0—52.6 vs. 36.1 mm), greater 
number of IL (6 vs. 5), DBR (8 vs. 4), MBSR (32-33 vs. 
18), PRVSR (69-74 vs. 52), and VS (65-69 vs. 50), and 
prefrontals in broad contact (vs. prefrontals absent); from S. 
monticola (Schmidt, 1925) of Vietnam and China by having a 
longer SVL (40.0—52.6 vs. 31.8 mm), two primary temporals 
(vs. one), fewer EnLN (0-1 vs. 3-4), and greater number 
of DBR (8 vs. 4), MBSR (32 vs. 22-26), PRVSR (69-74 vs. 
52—59), VS (65-69 vs. 52—58), and SDLT4 (15-17 vs. 10-13); 
and from S. punctatolineata (Boulenger, 1893) of Thailand 
and Myanmar by longer SVL (40.0—52.6 mm for three adults 
and single subadult specimen, SVL 50.2—52.6 mm for three 
adults vs. 37.6—-40.2 mm), greater number of MBSR (32-33 vs. 
22—28), two primary temporals (vs. one), and greater number 
SDLT4 (15—17 vs. 13-15). Scincella nigrofasciata sp. nov. can 
be distinguished from S. darevskii Nguyen, Ananjeva, Orlov, 
Rybaltovsky and Bóhme, 2010 of Vietnam by having a much 
shorter SVL (40.0—52.6 vs. 88.6 mm), fewer supraoculars (2-4 
vs. 5), two primary temporals (vs.one), and greater number of 
DBR (8 vs. 6), MBSR (32-33 vs. 28), and PRVSR (69-74 
vs. 62); from S. doriae (Boulenger, 1887a) of Myanmar and 
China by having a shorter SVL (40.0—52.6 vs. 58.6 mm), fewer 
EnLN (0-1 vs. 3—5), slightly fewer VS (65-69 vs. 70-79), 
5-7 discontinuous regular dark dorsal stripes (vs. dorsum 
caramel brown with small brown spots), and distinct wide black 
dorsolateral stripes (vs. dark brown dorsolateral stripes broken 
up by whitish spots); from S. rara Darevsky & Orlov, 1997 of 
central Vietnam by having fewer EnLN (0—1 vs. 3), greater 
number of MBSR (32-33 vs. 24) and PRVSR (69-74 vs. 53), 
and single row of basal subdigital pads (vs. double row of 
basal subdigital pads); from S. victoriana (Shreve, 1940) of 
Myanmar by having a shorter SVL (40.0—52.6 vs. 57.5 mm), 
fewer EnLN (0—1 vs. 3), smooth dorsal scales (vs. keeled), 
and a greater number of PRVSR (69-74 vs. 50—54) and VS 
(65-69 vs. 53-56). The new species can be distinguished 
from S. ochracea (Bourret, 1937) of Vietnam and Laos by its 
longer SVL in males (50.2 mm, n=1 vs. 34.2-45.4 mm, n=6), 
lack of lobules around external ear opening (vs. 2—4 lobules), 
dark brown dorsum with 5—7 discontinuous regular dark dorsal 
stripes (vs. silver-grey with a dark vertebral stripe), and distinct 
wide black dorsolateral stripes (vs. dark brown flanks broken 
up by light spots). 

Among the Cambodian species, Scincella nigrofasciata sp. 
nov. can be distinguished from S. melanosticta (Boulenger, 
1887b) of Cambodia, Myanmar, Thailand, and Vietnam 
by its comparatively shorter forelimbs (FIL/SVL 0.20—0.22 
vs. 0.23-0.27), comparatively shorter hind limbs (HIL/SVL 
0.30-0.33 vs. 0.35-0.37), adpressed limbs overlapping 
0.4—2.2 mm in males and subadult specimens and separated 
by a 1.9—2.3 mm gap in adult females (vs. adpressed limbs 
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widely overlapping 4.5-8.2 mm), two primary temporals (vs. 
one), fewer DBR (8 vs. 10), and 5-7 discontinuous regular 
dark dorsal stripes (vs. dark brown dorsum with dark dense 
spots without obvious striped pattern). The new species can 
be distinguished from S. rupicola by its comparatively shorter 
hind limbs (HIL/SVL 0.30-0.33 vs. 0.36—-0.40), adpressed 
limbs overlapping 0.4—2.2 mm in male and subadult specimens 
and separated by a 1.9-2.3 mm gap in adult females (vs. 
adpressed limbs overlapping 3.5-7.2 mm), fewer SDLT4 
(15—17 vs. 18-21), fully everted hemipenis bifurcating at 6396 
of total hemipenis length, n=1, Figure 5E (vs. 6996—7796, 
n-3, Figure 5F), comparatively more slender fingers and toes 
(Figure 5A vs. Figure 5B), 5-7 discontinuous regular dark 
dorsal stripes, Figure 4, Figure 7D—F (vs. dark blotches on 
dorsum in females and uniform reddish brown pattern without 
dark markings in males in S. rupicola; Figure 6A-B, Figure 
7B-C). 

In both morphometric and meristic characters Scincella 
nigrofasciata sp. | nov. is most similar to S. reevesii 
and S. rufocaudata. However, the new species can be 
distinguished from S. reevesii by slightly shorter forelimbs 
(FIL/SVL 0.20—0.22 vs. 0.24—0.30), generally shorter hind 
limbs (HIL/SVL 0.30-0.33 vs. 0.34—0.43), comparatively 
shorter forearms (FoL/SVL 0.14—0.16 vs. 0.17—0.19, Table 
5), adpressed limbs overlapping 0.4-2.2 mm in males and 
subadult specimens and separated by a distance of 1.9-2.3 
mm in females (vs. overlapping 3.9—6.5 mm in both sexes), 
5-7 dark discontinuous regular dark dorsal stripes (vs. irregular 
dark vertebral line and dark dorsal spots), wide distinct black 
dorsolateral stripes, continuing to lateral sides of tail, Figure 4 
(vs. dark dorsolateral stripes less distinct and broken up by 
light spots and only extending to tail base in both sexes, Figure 
6E, D), comparatively more slender fingers and toes (Figure 
5A vs. Figure 5C), and dark brown palmar surfaces of hands 
and lower surface of fingers and toes, Figure 5A (vs. light grey 
palmar surfaces of hands, fingers and toes, Figure 5C). 

Scincella nigrofasciata sp. nov. can be distinguished 
from S. rufocaudata by prefrontals in broad contact (vs. 
prefrontals separated), comparatively shorter hind limbs, 
(HIL/SVL 0.30—0.33 vs. 0.37), fewer IL (6 vs. 7), fewer DBR 
(8 vs. 10, Tables 4, 5, 6), 5-7 discontinuous regular dark dorsal 
stripes (vs. 1—3 dark stripes with spots, Figure 8), and distinct 
wide black dorsolateral stripes continuing along tail (vs. black 
stripes broken, ending at tail base, Figure 4) (Table 5). 


DISCUSSION 


Our work clearly demonstrated the new species from 
Mondulkiri Province to be distinct from other Scincella species 
known from Cambodia, including S. melanosticta, S. reevesii, S. 
cf. rufocaudata, and S. rupicola. Data on their morphological 
differences are summarized in Tables 4—5 and Figures 5-7. 
As the original description of Sphenomorphus rufocaudatus by 
Darevsky & Nguyen (1983) was quite short and published only 
in Russian, we provided additional morphological information 
(Tables 5 and 6) and photos (Figure 8) of the holotype ZISP 
19797. 
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To facilitate future work on the genus Scincella of Cambodia, 
we provide the following comparisons between the named 
species, based on specimen examination and character states 
taken from the literature (Table 4). Scincella melanosticta can 
be distinguished from S. reevesii by one primary temporal 
(vs. two) and greater number of DBR (10 vs. 8). Both 
male and female S. melanosticta have a dorsum with dense 
dark spots (dark spots on almost every dorsal scale) and 
lack conspicuous dorsal stripes (vs. vertebral/irregular lines 
of dorsal spots in S. reevesii, except some male individuals 
of S. reevesii, probably in the breeding season, show a 
reddish brown dorsum that lacks dorsal spots), and distinct 
dark dorsolateral stripes interrupted by irregular light transverse 
bars/spots (vs. dark dorsolateral stripes, running along upper 
flanks and less interrupted by light spots). The bifurcated part 
of the hemipenis is 56% its total length (n=1) in S. melanosticta 
(vs. 6596-6895, n-2, in S. reevesii). 

Scincella melanosticta can be distinguished from S. 
rufocaudata by prefrontals in contact (vs. prefrontals 
separated), one primary temporal (vs. two), longer forearms 
(FoL/SVL ratio 0.17-0.20 vs. 0.15), SDLT4 21—22 (vs. 15), 
dorsal dark brown with dense pattern of dark spots (vs. ochre 
with 1—3 dark stripes and spots), and dark dorsolateral stripes 
interrupted by irregular light transverse bars/spots in both sexes 
(vs. distinct, regular dark dorsolateral stripes (Figures 6—7 for 
S. melanosticta). 

Scincella melanosticta can be differentiated from S. rupicola 
by having one primary temporal (vs. two), greater number of 
DBR (10 vs. 8), dorsum with dense dark dorsal spots in both 
sexes (vs. dark blotches with pair of smaller blotches on neck 
in females only, whereas males lack blotches or have very faint 
dark dorsolateral stripes), and heavy dark spots on sides of 
head, extending above axillary region and below dorsolateral 
stripes along flanks in both sexes in S. melanosticta (vs. dark 
mottling in females and no dark markings in males in S. rupicola 
(Figures 6A-C; 7A-C). 

Scincella reevesii can be distinguished from S. rupicola by 
its higher TaL/SVL ratio 1.57—1.73, n=3 (vs. 1.06-1.53, n-5), 
dark brown dorsum with small vertebral/irregular dorsal spots 
(vs. dorsal blotches and pair of smaller blotches on neck only in 
females), distinct wide dark dorsolateral stripes, running along 
upper flanks, almost not interrupted by light spots (vs. large 
dark blotches interrupted by light bars in females), and body 
slender in males (vs. body in males comparatively thicker in S. 
rupicola) (Figure 6A, B, D, E; Figure 7G—H). 

Scincella rufocaudata can be distinguished from S. rupicola 
by prefrontals separated (vs. in broad contact), shorter 
forelimbs (FIL/SVL 0.22 vs.  0.23-0.26), adpressed limbs 
overlapping at about 1.8 mm (vs. 3.5-7.2 mm), dorsal ochre 
with 1—3 dark brown spots (vs. dark brown dorsal pattern with 
blotches in females and without blotches in males), and slender 
body (vs. comparatively thicker in S. rupicola). The dorsal 
pattern with dark blotches and a few pairs of smaller blotches 
on neck in females and characters stated in Table 4 match the 
diagnosis of S. rupicola by Taylor (1963). Scincella rupicola has 
been reported from Thailand, Laos, and Vietnam (Nguyen et 


al., 2010b; Taylor, 1963; Teynié et al., 2004), but has not been species ranges from the central part, Kampong Thom (Hayes et 
reported previously from Cambodia. Herein we identify this al., 2015) to Siem Reap Province (T. Hartmann, pers. comm.). 
species as S. cf. rupicola for the first time from Cambodia. This 
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Figure 4 Coloration in life of Scincella nigrofasciata sp. nov. (Photos by Thy Neang) 
A: Female paratype (CBC02840); B: Male paratype (CBC02545). 
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Table 4 Comparison of diagnostic morphometric and meristic characters of the new species and other Scincella species of Southeast Asia 











8 
E 
Ed 2 ki 
S B z Š E g 
S5 e: x * E: - S 
Selected characters Š = $ š $ E 8 8 $ < 3 s E 
S0 o S S o S = S E 8 S S9 = 
* S o S E Ss = s © g S e 9 S 
E 3 $ 3 5 Fi S $ S $ $ g 8 8 
= Li 3 3 3 E E 9 a e 2 8 2 E 
[7] [7] 6 [7] [7] [7] [7] 6 [7] [7] [7] [7] [7] 6 
SVL 40.0-52.6 36.1 88.6 44.4—60.7 58.6 47.4-57.4 45.4 42.9-51 37.6-40.2 49.1-58.0 50.7 45.0 51.1-53.6 41.4-76.7 
FIL 9.0-10.8 5.1 18.5 17-17.2 N/A 11.4-13.3 7.0 9.2-10.4 6.5-7.1 10.5-12.3 11.0 N/A 11.4-13.8 N/A 
HIL 13.3-16.8 8.1 28.6 21.6-22.1 N/A 17.2-20.8 8.9 12.7-16.6 8.7-11.4 15.3-17.8 18.7 N/A 16.8-21.3 14.6-23.9 
TrunkL 20.1—29.7 21.4 49.5 27.3—28 N/A 22.9-25.9 18.3 26.1-30.0 23.0 20.3-24.1 27.9 20.0 24.6-29.2 21.1-44.2 
FIL/SVL 0.20-0.22 0.14 0.21 0.32-0.33 N/A 0.23-0.27 0.21 0.17-0.27 0.17-0.19 0.24-0.30 0.22 N/A 0.23-0.26 N/A 
HIL/SVL 0.30-0.33 0.22 0.32 0.40-0.42 N/A 0.35-0.39 0.28-0.29 0.30-0.38 0.25 0.34-0.43 0.37 N/A 0.36-0.40 0.29-0.35 
Limb adpressed Over/Sep Sep Sep Sep N/A Over Sep Sep Sep Over Over Sep Over N/A 
SL 6-7 6 7 ri N/A 7 7 7-8 74 7 7 7 7 7 
L 6 5 7 6 N/A 6 6 6 N/A 6 6-7 6 6 6 
Supraciliaries 7-8 6 7 7-8 6-7 8-9 6 7-8 6-8 7-9 8 N/A 7-9 5-7 
Prefrontal in contact * Absent* 0 0 0 O/+ Absent* + 0 + 0 + + N/A 
Supraoculars 2-4 4 5 4 4 4 4 4 4 4 4 4 4 N/A 
Primary temporal 2 1 1 1 N/A 1 1 2 1 2 2 1 2 N/A 
EnLN 0-1 pair 2-3 pairs 3 pairs 3 3-5 pairs 0 3-4 pairs 0-3 pairs 0-2 pairs 2 0 3 pairs 0-1 pair 3 pairs 
Lobul I 
odd extemal 0 0 3 lobules 0 0 0 0 2-4 lobules N/A 0-3 lobules 0 N/A 0 N/A 
ear opening 
Dorsal scales Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Smooth Keeled 
MBSR 32-33 18 28 28 30-32 34-37 22-26 30-32 22-28 29-35 30-34 24 33-36 26 
PRVSR 69-74 52 62 63-66 66-76 63-73 52-59 61-67 58-69 60-71 67-69 53 68-73 50-57 
vs 65-69 50 65 61-66 70-79 63-72 52-58 66-71 58-69 57-73 60-67 N/A 63-69 53-56 
DBR 8 4 6 6 N/A 10 4 8 N/A 8 10 N/A 8 N/A 
SDLT4 15-17 8-9 17 17-19 15-18 16-22 10-13 15-18 13-15 15-19 15 11 18-21 15-16 
Dorsal color Dark brown Bronze-brown Bronze Bronze-brown | Caramel brown Dark brown — Bronze-brown Silver gray Light brown Brown with Ochre Golden brown Dark brown Dark brown 
5-7 regular Faint 2 silver grey | I é dark | l 1:3 dark | | 
n rr r ri rri r -3 dar rri r 
Dorsal pattern discontinuous a N/A stripes, wide Brown spots eae Dark spots Dark stripe a i i Ub Dark blotches Dark spots 
i dark spots z dark spots stripes dark spots brown spots dark spots 
stripes dark stripes 
Light laterodorsal : j i T 
iri * N/A * Large N/A * 0 Silver gray N/A * Faint Light spots * Whitish line 
stripe 
Light 
flank With l I Dark stri Pi 
Upper e Wide black Indistinct Dark-light E coreolateral id stripe Black with reset on Irregular Broken black : Dark brown 
dark stripe n Dark brown - numerous bar broken with light 2 upper and ; Dark stripe Dark blotches i 
stripe dark spots mottling Te j light spots dark spots stripe stripe 
pattern whitish spots with large spots lower flanks 
dark blotches 
% of bifurcated 
63% N/A N/A N/A N/A 56% N/A N/a N/A 65-68% N/A N/A 69-77% N/A 


hemipenis 





Character states were taken from: Taylor (1963); Darevsky and Nguyen (1983); Ouboter (1986); Darevsky and Orlov (1997); Gonzalez et al. (2005); Stuart et al. (2006); Stuart and Emmett 
(2006); Nguyen et al. (2010a, 2010b, 2010c); Luu et al. (2013); Pham et al. (2015); and from specimens examination (see Appendix |). Abbreviation of character states: present or in contact (+); 
absent or not in contact (0); absent or damaged (absent*); separated (Sep); overlapping (Over); data not available (N/A). 
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from Vietnam 


Table 5 Morphometric and meristic character comparisons between Scincella species from Cambodia and Scincella rufocaudata 








Characters Scincella nigrofasciata sp. nov. S. melanosticta S. reevesii S. rufocaudata S. rupicola 
SVL 40.0—52.6 47.4—57.4 38.3-57.4 50.7 46.4—55.2 
TaL 63.0-97.3 63.5-88.9 64.8-71.6 - 53.6-81.2 
HW 5.1—6.3 6.3-7.5 5.7-6.9 6.3 6.2-7.4 
FIL 9.0-10.8 11.4-13.3 10.5-12.3 11.0 11.4-13.8 
HIL 13.3-16.8 17.2-20.8 15.3-17.8 18.7 16.8-21.3 
TrunkL 20.1—29.7 22.9-25.9 20.3-24.1 27.9 24.6-29.2 
TaL/SVL 1.25-1.94 1.18-1.81 1.57-1.73 - 1.06-1.53 
FIL/SVL 0.20-0.22 0.23-0.27 0.24-0.30 0.22 0.23-0.26 
HIL/SVL 0.30-0.33 0.35-0.39 0.34-0.43 0.37 0.36-0.40 
FoL 6.3-8.2 8.2-10.6 6.7-8.2 7.6 8.7-9.4 
FoL/SVL 0.14-0.16 0.17-0.20 0.17-0.19 0.15 0.17-0.20 
Adpressed limbs —-2.3-2.2 4.5-8.2 3.9-6.5 1.8 3.5-7.2 
Supraciliaries 7-8 8-9 8-9 8 7-9 
SL 6-7 7 7 7 7 
IL 6 6 6 7 6 
Prefrontals in contact + + (0/+) 0 + 
Supraoculars 2-4 4 4 4 4 
Primary temporals 2 1 2 2 2 
EnLN 0-1 pair 0 0-1 pair 0 0-1 pair 
MBSR 32-33 34-37 29-35 32 33-36 
PRVSR 69-74 63-73 60-71 68 68-73 
VS 65-69 63-72 57-73 63 63-69 
DBR 8 10 8 10 8 
SDLT4 15-17 21-22 15-21 15 18-21 
i ! Dark brown with 4 Dark brownwith 

Dark brown with Dark brown with 3 Ochre with 1-3 dark broken vertebral 

Dorsal color irregular dark 


5-7 dark stripes 


dark dense spots 


dark brown spots 
vertebral spots 


blotches and dark 
nuchal paired spots 


Light dorsolateral stripe Distinct Faint Distinct Faint Distinct in female 
Light dorsolateral Distinct regular, 
í Irregular dark 
Upper flank pattern Black band bar broken with : broken black band, Dark blotches 
spots 
large dark blotches p ending at tail base 

P 

ag and Dark grey Light grey Light grey Dark grey Dark grey 
lamellae color 
é . 
A ce 63% 56% 65-68% N/A 69-77% 
hemipenis length 
Texture of hemipenis Smooth Groove ring Groove ring N/A Groove ring 
Hemipenis thickness Thick Thick Slender N/A Thick 
Finger and toes Slender Thick Thick N/A Thick 
Body habitus Stout Stout Slender N/A Stout 





Characters of S. rufocaudata were obtained from Darevsky & Nguyen (1983), Luu et al. (2013), and from examination of its holotype specimen. 


Abbreviation of character states: present or in contact (+); absent or not in contact (0); data not available (N/A). 


Morphologically, S. reevesii is superficially similar to S. 
rufocaudata (Tables 4-5). It can be distinguished from S. 
rufocaudata by its prefrontals in broad contact (vs. separated), 
adpressed limbs more widely overlapping (3.9—6.5 vs. 1.8 mm), 
upper secondary temporal enlarged (vs. not enlarged), and 
DBR 8 (vs. 10); see Tables 5-6 for more detail. 


We examined photographs of specimens (FMNH 263355—58) 


from the Cardamom Mountains of southwest Cambodia, 
deposited at the Field Museum of Natural History, which were 
assigned to S. rufocaudata by Stuart & Emmett (2006), and 
suggest that these specimens appear more like S. reevesii 
than S. rufocaudata based on their dark dorsolateral stripes, 
which are more continuous and interrupted by less distinct 
light spots/bars. Two (CBC01380 and CBC02305) out of 
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seven male specimens from the Cardamom Mountains of 
southwest Cambodia that we assigned to S. reevesii have 
prefrontals slightly separated and another male (CBC01379) 
has prefrontals in narrow contact, which we suggest is a 
variation within this population of S. reevesii. 

We examined photographs of specimens (FMNH 
262998-99) collected 3-4 km from the new species type 
locality in Mondulkiri on the Cambodian eastern plain, which 
were assigned to S. rufocaudata by Stuart et al. (2006). These 
specimens look different from S. rufocaudata, based on their 


prefrontals in contact as opposed to prefrontals separated in S. 


rufocaudata; and differ from S. reevesii in having more distinct 
wide dark dorsolateral stripes; they also differ from the new 
species based on their light brown dorsal coloration, and lower 
edge of dorsolateral stripes more interrupted by irregular light 
spots. However, because these specimens were inaccessible 
to us, we suggest retaining the specimens FMNH262997-3001 


reported by Stuart et al. (2006) from Mondulkiri as Scincella cf. 


rufocaudata, pending further studies and genetic analyses. 
The discovery of a new species of Scincella in Mondulkiri 


Province brings the named species of Scincella known for 
Cambodia to five, namely, Scincella nigrofasciata sp. nov., S. 
melanosticta, S. reevesii, S. cf. rufocaudata, and S. cf. rupicola, 
adding another species of lizard to the country. The new 
species seems to be morphologically quite variable; therefore, 
additional adult specimens and further studies are required to 
assess morphometric and meristic character variations. 

To date, Scincella nigrofasciata sp. nov. is known only 
from the type locality in the Mondulkiri Province of Cambodia. 
However, it is very likely that the new species inhabits other 
hilly areas of the southern outcrops of the Annamite Mountains 
in adjacent areas of Vietnam (e.g., Binh Phuoc, Lam Dong, 
and Dong Nai Provinces), and thus further morphological and 
molecular studies are needed to confirm the extent of its 
distribution in southern Indochina. The discovery of a new 
species of Scincella indicates that the reptile fauna of Keo 
Seima Wildlife Sanctuary remains insufficiently studied and 
future field surveys are needed to assess its herpetodiversity. 
This study further highlights the importance of taxonomic 
research and biodiversity assessments for nature conservation. 





Figure 5 Morphology and coloration of fingers (A-D) and structure of hemipenes (E-H) of Cambodian Scincella species (Photos 


by Thy Neang) 


A, E: Male paratype (CBC02545, SVL 50.2 mm) of Scincella nigrofasciata sp. nov.; B, F: Male (CBC02409, SVL 53.1 mm) of S. rupicola; C, G: Male (CBC 1342, 
SVL 41.8 mm) of S. reevesii; D, H: Male (CBC01434, SVL 49.4 mm) of S. melanosticta. 
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Figure 6 Differences in dorsal and dorsolateral views in life between Scincella species from Cambodia (Photos by Thy Neang) 


A: Male of S. rupicola (CBC02409); B: Female of S. rupicola (CBC02339), both A and B from central part (Prey Lang) of Cambodia; C: Male of S. melanosticta 
(CBC01009); D: Male of S. reevesii (CBC02305); E: Female of S. reevesii (CBC01382); C, D, and E from Phnom Samkos Wildlife Sanctuary, Cardamom 
Mountains, southwest Cambodia. 
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EAL 
Figure 7 Dorsolateral views of representatives of Cambodian Scincella species (in preservative) (Photos by Thy Neang) 

A: Male (CBC01454) of S. melanosticta; B: Male (CBC02409) and C: Female (CBC02339) of S. rupicola; D: Male paratype (CBC02545), E: Female paratype 
(CBC02840), and F: Female holotype (CBC02546) of Scincella nigrofasciata sp. nov.; G: Male (CBC1342) and H: Female (CBC01382) of S. reevesii. 


Table 6 Morphometric and meristic characters of the holotype of Sohenomorphus rufocaudatus Darevsky & Nguyen, 1983 (ZISP 19797; now 


Scincella rufocaudata) 














ZISP 19797 ZISP 19797 
Characters Characters 

Holotype (M) Holotype (M) 
SVL 50.7 Supraciliaries 8 
TaL 85* broken Prefrontals in contact 0 
HL 9.0 Supraoculars 4 
HW 6.3 Lower eyelids Transparent window 
HD 5.0 Primary temporals 2 
SnL 3.6 Upper secondary temporal enlarged No 
STL 9.4 EnLN Weakly enlarged 
SFIL 19.1 Lobules on external ear opening 0 
TD 1.4 Smooth dorsal scales yes 
FoL 7.6 MBSR 32 
FoL/SVL 0.15 PRVSR 68 
FIL 11.0 VS 63 
HIL 18.7 Precloacals 2 
TrunkL 27.9 nner overlapping outers Yes 
TaL/SVL 1.7 DBR 10 
FIL/SVL 0.22 SDLF4 10 
HIL/SVL 0.37 SDLT4 15 
TrunkL/SVL 0.55 Dorsal color Ochre 
FIL/TrunkL 0.4 Dark vertebral stripe Indistinct paravertebral 
HIL/TrunkL 0.7 Dorsal stripes 1-3 
TrunkL/(FIL+HIL) 0.9 Upper flank (dorsolateral) bands Distinct regular, broken black bands, ending at tail base 
Adpressed limbs 0.21 Pad and lamellae color Dark grey 
^ 7 % of bifurcating hemipenis length N/A 





Abbreviation: Present or in contact (+); absent or not in contact (0); data not available (N/A). *: As the holotype has a broken tail, TaL is given 
according to the original description (Darevsky & Nguyen, 1983). M: male. For abbreviations, see “Materials and methods”. 
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Figure 8 Male holotype of Sphenomorphus rufocaudatus (Darevsky & Nguyen, 1983) (ZISP 19797; now Scincella rufocaudata) 
(Photos by Nikolay A. Poyarkov) 


A: Dorsal view; B: Ventral view; C: Dorsal view of head; D: Lateral view of head; E: Ventral view of head. Scale bar: 5 mm. 
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APPENDIX | 


Examined materials: 

Scincella nigrofasciata sp. nov. (8 specimens): | CBCO02545-46, 
CBC02840-45: O’Raing District, Mondulkiri Province, eastern plain, 
Cambodia. 

Scincela melanosticta (8 specimens): CBC01009, CBC01020-22, 
CBC01430, CBC01434, CBC01450, CBC01454: Phnom Samkos Wildlife 
Sanctuary, Veal Veng District, Pursat Province, Cardamom Mountains, 
Cambodia. 

Scincella reevesii (9 specimens): CBC01357-58, CBC01149, CBC01342, 
CBC01379-80, CBC01382, CBC01479, CBC02305: Phnom Samkos 
Wildlife Sanctuary, Cardamom Mountains, southwest Cambodia. 

Scincella rupicola (10 specimens): CBC02407-10, CBC02412-15: Phnom 
Chi, Sandan District, Kampong Thom Province, Prey Lang; CBC02323, 
CBC02339: Karst, Thalavorivath District, Stung Treng Province, northern 
Prey Lang. 

Scincella rufocaudata: holotype of Sphenomorphus rufocaudatus (Darevsky 
& Nguyen, 1983): ZISP 19797 Coll. Darevsky I.S. 16-21.06.1983, Buon 
Luoi, Kon Tum — Gia Lai Province (now in Gia Lai Province), Vietnam. 
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